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Description 

The invention concerns esters of polyhydric alcohols of hyaluronic acid resulting from the esterification of such 
alcohols with two or more carboxy groups of the hyaluronic acid polysaccharide, esters which, due to the presence of 

s bridge bonds between the above carboxy functions of the same or different molecules of hyaluronic acid, may be 
described by the term "cross-linked". These cross-linked esters may be total or partial and, in the tatter, further carboxy 
functions may be esterified with monohydric or polyhydric alcohols, without the formation of cross-links (ester groups 
which shall also hereinafter be termed "simple"). In both types of cross-linked partial esters, non-esterified carboxy 
functions may be free or salified with metals or organic bases. 

io The invention also concerns the use of new cross-linked hyaluronic esters in the field of biodegradable plastic 

materials for the preparation of sanitary and surgical articles, in the pharmaceutical and cosmetic fields and, therefore, 
includes the various articles made with the same in such fields. 

The specific use of the new esters may be seen in relation to the degree of cross-link esterification, that is the 
number of cross-linked groups of carboxy functions esterified with the above polyhydric alcohols, the number of simple 

is esterified groups, and, lastly, also the number of salified groups, this degree of esterification or salification being itself 
related to the solubility of the product and to its viscous-elastic properties. Thus, for example, the total cross-linked 
esters are virtually insoluble in aqueous liquids and are very suitable, due to their molecular structure, for use in the 
making of piastic materials and resins and as additives for these materials. Esters with an average or low degree of 
esterification and their salts with inorganic or organic bases are more or less soluble in aqueous conditions and are 

20 suitable for the preparation of gels which may have many uses, both in cosmetics and pharmacology and in the medical- 
sanitary field in general. 

The application for European patent No. 0 161887 of 3.5.85, published on 21 .11 .85, contains a description of some 
cross-linked derivatives of hyaluronic acid obtained by the reaction of epoxy compounds indicated as "polyfunctional". 
In the above patent publication, the term "polyfunctional epoxy compounds" means hydrocarbons with at least one 

25 epoxy function and possibly having also convertible functions in epoxy functions, the cross-linking reaction occurring 
through the epoxy groups. Of these functions, only the halogens are mentioned in the patent. Of these polyfunctional 
epoxy compounds only a few examples are mentioned in the above patent application, namely: epichlorohydrin, epi- 
bromohydrin, methylepichlorohydrin, methylepibromohydrin, 1,2-bis (2,3-epoxypropoxy)-ethane, 1,4-bis (2,3-epoxy- 
propoxy)-butane, 1,6-bis (2,3-epoxypropoxy)-butane, 1,6-bis (2,3-epoxypropoxy)-hexane and a glycidyl ether of bi- 

30 sphenol A and bisphenol F. The preparation method used in this patent application, which is limited in the claims to 
the use of a halomethyloxyrane or a bisepoxy-compound, as well as being limited in its possible applications, gives 
cross-linked esters of hyaluronic acid with a low degree of esterification: in fact, as can be seen from the illustrative 
Examples of the patent application, a maximum of 4% esterification is reached in the case of reaction with epichloro- 
hydrin (Example 4) to obtain a product with a low degree of solubility. 

35 The present invention makes available a wide assortment of cross-linked esters, including particular esters wherein 

the ester groups, comprise radicals which are unsubstituted by a hydroxyl (as in the case of products resulting from 
the reaction of the above epoxides on hyaluronic acid or its salts). Importantly the invention provides mixed esters 
comprising a mixture of ester groups which are cross-linked and some ester groups which are not cross-linked, wherein 
the percentage of crosslinking groups may exceed 10% of all of the disaccharide units of hyaluronic acid. 

40 The application for UK patent No. 2 151 244 A of 13.8.1984, published on 17.7.1985, and the application for 

German Off enlegungssch rift 34 34 082 Al of 17.9.1984, published on 11.7.1985, contain descriptions of some cross- 
linked derivatives of hyaluronic acid obtainable by the action on the same of formaldehyde, dimethylolurea, dimethyl- 
olethylenurea, a polyaziridine, a polyisocyanate and a divinylsulfone. Such derivatives are insoluble and are proposed, 
due to their biocompatibility, for in vivo applications in the form of various prosthetic articles, such as cardiac valves, 

45 vascular clips, etc. , or may be added to the various polymeric materials used to make such articles. The same patents 
provide for the use of ethyl oxide as an agent to achieve "cross-linking", but the procedure is not illustrated, and neither 
is the type of product obtained. The structure of other cross-linked derivatives is not specified and no mention is made 
of the type of bonds forming the cross-linking. In the case of formaldehyde and of the above substituted ureas, this 
could mean derivatives involving the carboxy groups of hyaluronic acid with a semiacetalic structure, while in other 

so cases it could mean alkylated products of hydroxyls. 

EP-A-0193150 describes a shaped article based upon cross-linked, possibly derivatized hyaluronic acid or a salt 
thereof, characterised in that in a substantially unswollen state it has a dry matter content of at least 65% by weight 
and a tensile strength of at least 2 N/Cm 2 . 

EP-A-0044228 describes certain heparin esters which are said to be useful as intermediates for the preparation 

55 of medicaments. 

The applicants' earlier patent application EP-A-0216453 describes certain esters of hyaluronic acid in which all or 
only a portion of the carboxylic groups of the acid are esterified. These compounds possess interesting pharmaceutical 
properties and are useful as medicaments, cosmetics, and as medical and surgical articles. 
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The present invention provides total or partial cross-linked non-toxic esters of hyaluronic acid with an aliphatic 
polyhydric alcohol having between 2 and 16 carbon atoms, and salts of such partial esters with inorganic or organic 
bases, wherein the cross-linking bonds are only between carboxy groups of the hyaluronic acid, with the proviso that 
said cross-linked ester is not the cross-linked ester of hyaluronic acid with a halomethyloxirane or a bisepoxy compound. 

s In the partial cross-linked esters, there may be carboxy groups esterified with monohydric or polyhydric alcohols 

of the aliphatic, alicyclic, araliphatic or heterocyclic series, and in the partial esters there may be nonesterified, salified 
carboxy groups with inorganic or organic bases. 

The term "hyaluronic acid" is used in literature to mean acidic polysaccharides with different molecular weights 
consituted by residues of D-glucuronic and N-acetyl-D-glucosamine acids, which occur naturally in cell surfaces, in 

10 the basic extracellular substances of the connective tissue of vertebrates, in the synovial fluid of the joints, in the 
endobulbar fluid of the eye, in human umbilical cord tissue and in cocks' combs. Hyaluronic acid plays an important 
role in the biological organism, as a mechanical support for the cells of many tissues, such as the skin, tendons, muscles 
and cartilage and, therefore, it is the main component of the intercellular matrix, but it also plays other important roles 
in the biological processes, such as the moistening of tissues, lubrication, cell migration, cell functions and differenti- 

15 ation. (See for example A. Balazs et al. in "Cosmetics & Toiletries", Italian edition No. 5/84, pages 8-17). 

Hyaluronic acid may be extracted from the above natural tissues, for example from cocks* combs or also from 
some bacteria. It is possible today to .prepare hyaluronic acid also by microbiological methods. The molecular weight 
of integral hyaluronic acid obtained by extraction is about 8-13 million. However, the molecular chain of this polysac- 
charide is quite easily degraded by means of various physical and chemical factors for example by mechanical means 

20 or under the influence of radiation or hydrolyzing, oxidizing or enzymatic agents. For this reason, even by using the 
usual purification procedures of original extracts, the degraded fractions obtained have a lower molecular weight (see 
Balazs et al. cited above). 

Hyaluronic acid, its molecular fractions and the respective salts have been used as medicaments and they have 
been proposed for use in cosmetics (see for example the above article by Balazs et al. and French Patent No. 2478468). 

25 As a therapeutic agent, hyaluronic acid and its salts have been used especially in therapy for arthropathies, for example 
in the veterinary field for the treatment of arthritis in horses [Acta Vet. Scand. J67, 379 (1976)]. As an auxilliary and 
substitute therapeutic agent for natural organs and tissues, hyaluronic acid and its molecular fractions and their salts 
have been used in ophthalmic surgery (see for example Balazs et al. in "Modem Problems in Ophthalmology', Vol. 10, 
1970, p. 3- E.B. Strieff, S. Kargereds., Basel, or "Viscosurgery and the Use of Sodium Hyaluronate During Intraocular 

30 Lens Implantation", Paper presented at the International Congress and First Film Festival on Intraocular Implantation, 
Cannes, 1979, and U.S. Patent No. 4,328,803 with a summary of the literature on uses of HY in ophthalmology, and 
also U.S. Patent No. 4, 1 41 ,973). In EP publication No. 01 38572A3 of 24 April 1 985 there is a description of a molecular 
fraction of hyaluronic acid which may be used, for example as a sodium salt, for intraocular and intraarticular injections 
respectively, suitable as a substitute for the endobulbar fluids in the eye and suitable in therapy for arthropathies. 

35 Hyaluronic acid may be used also as an additive for various polymeric materials used for sanitary and surgical 

articles, such as polyurethanes, polyesters, potyolefins, polyamides, polysiloxanes, vinyl and acrylic polymers, carbon 
fibres with the effect of rendering these materials biocompatible. In this case the addition of HY or its salts is effected 
for example by coating the surface of such materials, or by dispersion in the same or by both these procedures. Such 
materials may be used to make various sanitary and medical articles, such as cardiac valves, intraocular lenses, vas- 

40 cular clips, pace-makers and similar articles (see U.S. Patent No. 4,500,676). 

The term "hyaluronic acid" is in fact usually used incorrectly, meaning, as has been seen, a whole series of polysac- 
charides with alternating residues of D-glucuronic and N-acetyl-D-glucosamine acids with varying molecular weights 
or even the degraded fractions of the same, and it would therefore seem more correct to use the plural term of "hy- 
aluronic acids". The singular term will, however, be used all the same in this description, likewise in the case of the 

45 molecular fractions, and, in addition, the abbreviation "HY" will frequently be used in place of this collective term. 

It has been found that also the esters of hyaluronic acid with aliphatic, araliphatic, cycloaliphatic or heterocyclic 
alcohols possess similar and even superior properties to those of the acidic polysaccharide itself and they are even 
more suitable for the above uses. These esters and a method for their preparation are described in the co-pending EP 
application No. 86305233.8, Publ. No. 0216453, which is hereby incorporated by reference. The esters with a high 

so degree of esterification and especially the total esters have, unlike hyaluronic acid, good solubility in organic solvents, 
for example in dimethylsulfoxide. Thus for example, at room temperature, the benzyl ester of HY dissolves in DMSO 
in the measure of 200 mg/ml. This solubility in certain organic solvents, together with particular and marked viscous- 
elastic properties, makes it possible to obtain sanitary, medical and surgical articles which are insoluble in saline and 
which have the particular desired form: first a solution of the HY ester is prepared in an organic solvent, the very viscous 

55 solution is then shaped into the form desired for the finished article and lastly the organic solvent is extracted with 
another solvent which mixes with the first but in which the HY ester is insoluble. These advantages are also to be 
found, possibly to an even greater degree, in the cross-linked compounds of the present invention. 

The cross-linked esters of the present invention may derive from any polyhydric alcohol of an aliphatic nature 
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having between 2 and 16 carbon atoms, and these derive however preferably from polyhydric alcohols with a maximum 
of 8 alcohol functions and especially 4 such functions. The term "polyhydric" strictly speaking, generally refers to al- 
cohols having three or more hydroxy groups, while the terms "dihydric" or "glycol" generally refer to alcohols having 
two hydroxy groups. However, as used herein the term "polyhydric" is meant to encompass alcohols having two or 

5 more hydroxy groups. Thus, the "polyhydric" alcohols may be dihydric alcohols, trihydric, tetrahydric, penta and hex- 
ahydric alcohols. Of these, special mention should be given to glycerine, the three erythrite isomers, pentaerythrite, 
the four xylitol isomers and the 10 dulcitol isomers. 

In the new esters the "cross-links" may derive from various of the above polyhydric alcohols, however it is preferable 
to prepare esters in which all the "cross-links" derive from the same polyhydric alcohol. 

10 The most important class of the new esters is the one deriving from dihydric alcohols, that is, from glycols. Such 

glycols have preferably a maximun of 8 carbon atoms and are especially ethyleneglycol, propyleneglycol, butyleneg- 
lycol, the glycols deriving from pentane, hexane, heptane, octane and their position isomers. Such glycols may however 
also have double bonds, for example between one and three double bonds. 

The simple ester groups, which may be present in addition to the cross-linked groups, may derive from alcohols 

15 of the aliphatic, araliphatic, alicyclic or heterocyclic series and may be substituted or unsubstituted, saturated or un- 
saturated. Alcohols of the aliphatic series are for example those with a maximum of 34 carbon atoms, which may, be 
saturated or unsaturated and -which may possibly also- be substituted by other free functional or functionally modified 
groups, such as amino, hydroxy, aldehyde, keto, mercapto, carboxy groups or by groups deriving from these, such as 
hydrocarbyl or dihydrocarbylamino groups (here and hereafter the term "hydrocarbyl" should be taken to mean not 

20 only monovalent radicals of hydrocarbons e.g. of the -C n H 2n+1 type, but also bivalent or trivalent radicals, such as 
"alkylenes" -C n H 2n - or "alkylidenes" > C n H 2n ), ether or ester groups, acetal or ketal groups, thioether orthioester groups 
and ester if ied carboxy groups or carbarn id ic groups and substituted carbarn id ic groups by one or two hydrocarbyl 
groups, by nitrile groups or by halogens. Of the substituted alcohols it is preferable to choose those with one or two of 
the abovesaid functions. 

25 Of the aforesaid groups containing hydrocarbyls, these are preferably lower aliphatic radicals, for example alkyls, 

with a maximum of 6 carbon atoms. Such alcohols may then also be interrupted in the carbon atom chain by heter- 
oatoms, such as oxygen atoms, nitrogen, sulfur. Alcohols of the above group to be used preferentially in the limits of 
the present invention are those with a maximum of 12 and especially 6 carbon atoms, and those, of the substituted 
ones, in which the hydrocarbyl radicals in the above said amino, ether, ester, thioether, thioester, acetal, ketal groups 

30 represent alkyl groups with a maximum of 4 carbon atoms, and in which in the esterified carboxy groups too, or sub- 
stituted carbamidic groups, the hydrocarbyl groups are alkyls with the same number of carbon atoms, and in which 
the amino or carbamidic groups may be alkyleneamine or alkylene-carbamidic groups with a maximum of 8 carbon 
atoms. Of these alcohols, first and foremost should be mentioned those which are saturated and unsubstituted such 
as for example methyl, ethyl, propyl, isopropyl alcohols, n-butyl, isobutyl, tert-butyl alcohol, amyl alcohols, pentyl, hexyl, 

35 octyl, nonyl and dodecyl alcohols and above all those with a linear chain, such as noctyl and n-dodecyl alcohols. 

Of the substituted alcohols, preferred are the already mentioned glycols, otherwise used for the formation of "cross- 
links", but also polyhydric alcohols, such as glycerine, the aldehyde alcohols such as tartronic alcohol, carboxy alcohols 
such as lactic acids, for example a-oxypropionic acid, glycolic acid, malic acid, tartaric acids, citric acid, aminoalcohols, 
such as aminoethanol, aminopropanol, n-aminobutanol and their dimethyl and diethyl derivatives in the amino function, 

40 choline, pyrrolidinylethanol, piperidinylethanol, piperazinyl-ethanol and the corresponding derivatives of n-propyl alco- 
hol or n-butyl alcohol, monothioethylenglycol or its alkyl derivatives, for example the ethyl derivative in the mercapto 
function. Of the saturated higher aliphatic alcohols, preferred are for example cetyl alcohol and myricyl alcohol, but of 
special importance for the aims of the present invention are the higher unsaturated alcohols with one or two double 
bonds, such as especially those contained in many essential oils and having an affinity with terpenes, such as for 

45 example citronellol, geraniol, nerol, nerolidol, linalool, famesol and phytol. Of the unsaturated lower alcohols, allyl 
alcohol and propargyl alcohol are useful. 

Of the araliphatic alcohols, those to be mentioned above all are all those with only one benzene residue and in 
which the aliphatic chain has a maximum of 4 carbon atoms and in which the benzene residue may be substituted by 
between 1 and 3 methyl or hydroxy groups or by halogen atoms, especially by chlorine, bromine or iodine, and in which 

50 the aliphatic chain may be substituted by one or more functions chosen from the group constituted by free amino or 
mono or dimethyl groups or by pyrrolidtnyl or piperidinic groups. Of these alcohols, above all preferred are benzyl 
alcohol and phenethyl alcohol. 

The alcohols of the cycloaliphatic series (including also cycloaliphatic-aliphatic alcohols) may derive from mono 
or polycyclic hydrocarbons and may have preferably a maximum of 34 carbon atoms. In the case of substituted alcohols, 

55 the substitutes may be those already mentioned for the alcohols of the aliphatic series. 

Of the alcohols derived from monoannular cyclic hydrocarbons, special mention should be given to those with a 
maximum of 12 carbon atoms, the rings having preferably between 5 and 7 carbon atoms, which may be substituted 
for example by between one and three lower alkyl groups, such as methyl, ethyl, propyl or isopropyl groups. As specific 
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alcohols of this group preferred are cyclohexanol, cyclohexanediol, 1 ,2,3 cyclohexanetriol and 1 ,3,5 cyclohexanetriol 
(phloroglucitol), inositol. The heterocyclic alcohols may be considered as deriving from the above cycloaliphatic or 
aliphatic-cycloaliphatic alcohols if in these the linear or cyclic chains are interrupted by one or more heteroatoms, for 
example between 1 and 3 heteroatoms chosen from the group formed by - O -, - S - N = and - NH - and in them 
s there may be one or more double bonds, in particular between 1 and 3, thus including also heterocyclic compounds 
with aromatic structures. They may be simple alcohols, such as furfuryl alcohol or alcohols with a more complicated 
structure, such as are present in many alkaloid derivatives and in many medicaments. 

As already stated, the new cross-linked derivatives of the present invention may be used for all the main applica- 
tions suitable for hyaluronic acid or its salts or the above esters described in the above co-pending U.S. patent appli- 
es cation. As already said, the new derivatives are therefore particularly suitable for the preparation of: 

1) medicaments 

2) pharmaceutical vehicles for medicaments 

3) cosmetics and vehicles for cosmetics 

'5 4) plastic articles for sanitary, medical and surgical uses 

and the present invention includes in particular all ihese uses. 

The type of cross-linked ester is obviously chosen according to the use to which it is to be put. Usually, a high 
degree of esterification to the point of total esterification of the hyaluronic acid increases its lipophilic character and 

20 therefore diminishes its solubility in water. For therapeutic or cosmetic uses it is especially important to regulate the 
degree of esterification in such a way as to ensure sufficient solubility in water, although it does have good lipophilic 
qualities compared to hyaluronic acid or its salts. Naturally, the molecular size of the esterifying component itself should 
be borne in mind, as this usually influences hydrosolubility in an inversely proportional manner. As far as the use of 
medicaments is concerned, the greater or lesser degree of hydrophilic or lipophilic qualities should be considered in 

25 relation to the type of tissue to be treated, for example the skin in the case of dermal medicaments. 

The new cross- linked derivatives may be used as therapeutic agents due to the intrinsic property of the hyaluronic 
component itself, for example as drugs for the treatment of arthritis, both in human and veterinary medicine. In this 
case they derive from polyhydric aliphatic alcohols with no pharmacological properties or with neglible activity, espe- 
cially from dihydric alcohols with between 2 and 8 carbon atoms, and the other simple ester groups present possibly 

30 also derive from alcohols with no pharmacological action, for example from monohydric aliphatic alcohols with a max- 
imum number of eight carbon atoms. Administration is effected by parenteral route and more precisely by intraarticular 
route. 

Other cross-linked derivatives according to the invention may also derive from alcohols with a pharmacological 
effect and this is especially true of alcohols from which simple ester groups are derived. They possess properties which 

35 are qualitatively similar to those of alcohol, but with a more differentiated range of action, ensuring a more balanced, 
constant and regular pharmacological action and usually having a marked "retard" effect. Other cross-linked derivatives 
again may contain simple ester groups of two or more different types of alcohols with or without their own pharmaco- 
logical action. By suitably dosing the ratio of the different types of alcohols as esterifying components, it is possible to 
obtain esters with the pharmacological activity of active alcohols without the specific activity of hyaluronic acid having 

40 those qualities described above of greater stability and bioavailability with respect to the desired activity and the char- 
acteristics of the pharmacologically active alcohols. 

In the derivatives described here, deriving from pharmacologically active alcohols, the cross-linked hyaluronic 
molecule acts basically as a vehicle for the pharmacologically active component, and they may therefore also be 
included in groups 2) or 3). Since the new cross-linked derivatives act as actual vehicles according to uses 2) and 3), 

45 they are preferably also derived from the above said therapeutically inactive polyhydric alcohols, and also possibly 
ester groups deriving from monohydric alcohols are preferably without any pharmacological action. The active sub- 
stance is physically mixed with the new derivatives and the resulting medicaments may also contain other ingredients 
and excipients commonly used in conventional pharmaceutical preparations. In place of an active substance it is pos- 
sible to have an association of active substances. Particularly interesting are medicaments of this kind in which the 

50 new hyaluronic derivatives act as vehicle and containing topically active substances. 

The pharmacologically active alcohols to be used for the esterification of carboxy groups not yet cross-linked in 
the new derivatives, may be, apart from those already listed, aliphatic-cycloaliphatic polycyclic alcohols, such as for 
example steroids, such as sexual hormones and their synthetic analogues and particularly corticosteroids and their 
derivatives, such as for example estradiol and its methyl derivatives, ethinyl or propinyl derivatives in position 1 7, 

55 testosterone and its derivatives, such as 1 7-a-m ethyl -testosterone, 1 7-a-ethinyl-testosterone. 1 "1 ,2-dehydro-testoster- 
one, nor-gestrel, 19-nor-testosterone, 13-nor-17-a-methyl-testosterone, anti-hormones such as cyproterone, corti- 
sone, hydrocortisone, dexamethasone, betamethasone, paramethasone, flumethasone, fluocinolone, clobetasol, be- 
clomethasone, alfaxolone, bolasterone. Other therapeutically active alcohols are for example vitamins, such as ax- 
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erophthol, vitamins D 2 and D 3 , aneurine, lactoflavine, ascorbic acid, riboflavine, thiamine and pantothenic acid. Of the 
heterocyclic alcohols we also mention atropine, scopolamine, cinchonine, cinchonidine, quinine, morphine, codeine, 
nalorphine, N-butylscopolammonium bromide, ajmaline; phenylethylamine such as ephedrine, isoproterenol, epine- 
phrine, phenothiazine drugs such as perphenazine, pipotiazine, carphenazine, homofenazine, acetophenazine, flu- 

5 phenazine, N-hydroxyethy (promethazine chloride; thioxanthene drugs such as flupentixol and clopenthixol; anticon- 
vulsants such as meprophendiol; antipsychotics such as opipramol; anti-emetics such as oxypendyl; analgesics such 
as carbetidine and phenoperidine and methadol; hypnotics such as etodroxizine; anorexics such as benzhydrol and 
diphemethoxidine; minor tranquilizers such as hydroxizine; muscle relaxants such as cinnamedrine, diphylline, mephe- 
nesin, methocarbamol, chlorphenesin, 2,2-diethyl-1 l 3-propandiol, guaiphenesin, hydrocilamide; coronary vasodilators 

10 such as dipyridamole and oxyfedrine; adrenergic blockers such as propanolol, timolol, pindolol, bupranolol, atenolol, 
metoprolol, practolol; anti-neoplastics such as 6-azauridine, cytarabine, floxuridine; antibiotics such as chloramphen- 
icol, thiamphenicol, erythromycin, oleandomycin, lincomycin; antivirals such as idoxuridine; peripheral vasodilators 
such as isonicotinyl alcohol; carbonic anhydrase inhibitors such as sulocarbilate; anti-asthmatics and antiinflammato- 
ries such as tiaramide; sulphamidics such as 2-p-sulphanylanilinoethanol. 

is The new cross-linked derivatives described here may of course be used in the same cases as the free alcohols. 

One particularly interesting aspect of the present invention is the possibility of preparing more stable drugs than 
those available up till now. It is possible therefore on the one hand io prepare cross-linked derivatives for use in the 
indications which are typical of hyaluronic acid itself, for example for intraarticular injections where the cross-linked 
derivative acts as lubricant: due to the better stability of the derivatives when the hyaluronidase is compared to the 

20 free acid, it is possible to obtain a quite notably prolonged action. On the other hand it is possible to obtain drugs with 
a "retard" action for the above derivatives containing also ester groups deriving from therapeutically active alcohols. 
In these the pharmacologically active alcohol is very slowly released into the organism by means of esterases. For 
use according to the above point 4), the new cross-linked derivatives are prepared above all with pharmacologically 
inert alcohols, for example bivalent saturated aliphatic alcohols, especially those with between 2 and 8 carbon atoms, 

25 glycerin and from monovalent alcohols, above all aliphatic alcohols, but also some others of the abovesaid series for 
partial esterification in the carboxy groups which are not cross-linked. Of this last group, particularly interesting are the 
unsaturated alcohols, for example those with one or more double bonds such as vinyl or allyl alcohols and their con- 
densed derivatives, such as especially polyvinyl alcohol and glycerin. In this case too it is possible to use mixed esters, 
according to the particular intended use. Alicyclic alcohols are also useful, for example derived from cyclopentane and 

30 cyclohexane and from their derivatives substituted by inferior alkyl groups, for example alkyls with between 1 and 4 
carbon atoms, especially by methyl groups. 

For cosmetic use it is preferable to use cross-linked derivatives with esterified groups substantially identical to 
those listed above for the use of sanitary, medical and surgical articles. Also to be considered are terpene alcohols, 
such as those mentioned above, especially odoriferous alcohols for the preparation of perfumes and scented creams. 

3$ In all the cross-linked derivatives according to the present invention the carboxy groups not "cross-linked" or not 

esterified may be free or salified. The salts may have inorganic bases, for example alkaline metals such as potassium 
and particularly sodium and ammonium, and alkaline earth metals such as calcium, or magnesium and aluminium 
salts, or may have organic bases, especially azotized bases and therefore aliphatic, araliphatic, cycloaliphatic or het- 
erocyclic amines. These salts may derive from therapeutically acceptable but inactive amines, or from amines with a 

40 therapeutic action. 

Of the former, consideration is to be given above all to the aliphatic amines, for example mono-, di and tri- 
alkylamines with alkyl groups with a maximum of 1 8 carbon atoms or arylalkylamines with the same number of carbon 
atoms in the aliphatic part and where aryl means a benzene group possibly substituted by between 1 and 3 methyl 
groups or halogen atoms or hydroxy groups. The biologically inactive bases for the formation of the salts may also be 
45 cyclic such as monocyclic alkylenamines with cycles of between 4 and 6 carbon atoms, possibly interrupted in the 
cycle by heteroatoms chosen from the group formed by nitrogen, oxygen and sulfur, such as piperidine, piperazine or 
morpholine, or may be substituted for example by amino or hydroxy functions, such as aminoethanol, ethylendiamine, 
ephedrine, or choline. 

It is also possible to form the quaternary ammonium salts of partial esters, for example tetraalkylammonium salts 
so with the above said number of carbon atoms and preferably salts of the same type in which the fourth alkyl group has 
between 1 and 4 carbon atoms, for example a methyl group. 

Those biologically active amines whose therapeutic action may be put to use, include azotated and basic drugs 
such as those included in the following groups: 

alkaloids, peptides, phenothiazine, benzodiazepine, thioxantene, hormones, vitamins, anticonvulsivants, antipsychot- 
ss ics, antiemetics, anesthetics, hypnotics, anorexics, tranquillizers, muscle-relaxants, coronary vasodilators, antineo- 
plastics, antibiotics, antibacterial antivirals, antimalarials, carbonic anhydrase inhibitors, nonsteroid anti-inflammato- 
ries, vasoconstrictors, cholinergic agonists, cholinergic antagonists, adrenergic agonists, adrenergic blockers, narcotic 
antagonists. 
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All those drugs with the basic azotated groups listed in the invention can be mentioned as examples regarding the 
use of the esters. Salification of the nonesterified carboxy groups with therapeutically active bases may substitute or 
or integrate the vehicling function of the new cross-linked derivatives obtained by esterification with therapeutically 
active alcohols and therefore represents another particular case of the use of the new compounds as therapeutic 
s vehicles according to point 2): the active bases are vehicled both by the neutral salts obtainable by addition of the 
basic stoichiometric quantity, both from the basic salts obtainable by addition of an excess of base or of those acids 
obtainable by addition of a basic defect. 

The new hyaluronic derivatives according to the present invention are particularly useful since they are medica- 
ments for local or topical use, especially in ophthalmology, where they show particular compatibility with the corneal 
10 epithelium and are therefore very well tolerated, with no sensitization effects. Furthermore, when the medicaments are 
administered in the form of concentrated solutions with elastic-viscous characteristics or in solid form, it is possible, 
on the corneal epithelium, to obtain homogenous, stable and perfectly transparent films which are also perfectly ad- 
hesive, guaranteeing prolonged bioavailability of the drug and which therefore constitute excellent preparations with 
a retard effect. 

'5 These ophthalmic medicaments are of exceptional value especially in the veterinary field, considering that there 

are at present no veterinary specialities containing chemical agents. Indeed, products intended for human use are 
used on anjmals : and these cannot always guarantee a specific range of action and are sometimes unsuitable for 
application in the conditions under which they are to be administered. For example, this is the case of therapy for 
infective keratoconjunctivitis, pink eye or IBK, an infection which usually affects cattle, sheep and goats. Presumably, 

20 specif ic etiological factors exist for these three species and more particularly: in cattle the main micro-organism involved 
seems to be Moraxella bovis (even though other agents of viral origin are not to be excluded, such as the Rhinotracheitis 
virus, in sheep Mycoplasma, Rickettsia and Chlamydia, in goats Rickettsia). The disease presents itself in acute form 
and tends to spread rapidly: in the initial stages the symptomatology is characterised by blepharospasm and excessive 
lacrimation, followed by purulent discharge, conjunctivitis and keratitis, often associated with fever, a reduction in ap- 

25 petite and milk production. Particularly serious are the corneal lesions which in the final stages may even cause per- 
foration of the cornea itself. The clinical course varies from a few days to several weeks. 

A vast range of therapies involving chemical agents are used, administered both by topical route (often associated 
with steroid anti-inflammatory agents), and systemic route, such as: tetracyclines, such as oxytetracycline, penicillines, 
such as cloxacillin and benzyl penicillin, sulphamidics, polymixin B (associated with miconazole and prednisolone), 

30 chloramphenicol, tylosin and Chloromycetin. Topical treatment of the disease, despite its apparent simplicity, is still an 
open problem, since with the ocular preparations used until now it has not been possible for one reason or another to 
obtain concentrations of therapeutically effective antibiotics or sulphamidics in the lachrymal secretion. This fact is 
fairly understandable in the case of solutions, considering the predominantly inclined position of the head in the above- 
said animals, but it is also true of semisolid medicaments, since the excipients commonly used in the same do not 

35 have the necessary qualities to adhere to the surface of the cornea. This is because they do not usually have a suffi- 
ciently high concentration of active substance and cannot obtain perfect distribution of the same (presence of a distri- 
bution gradient). These drawbacks to conventional colliriums for ophthalmics have for example been described by 
Slatter et al. in "Austr.vet.J.," 1982, 59 (3), pp. 69-72. With the esters of the present invention these difficulties can be 
overcome. Indeed, the presence of the hyaluronic ester as a vehicle in ophthalmic drugs allows for the formulation of 

40 excellent preparations with no concentration gradient of active substance and being therefore perfectly homogenous, 
transparent and adhesive to the corneal epithelium, with no sensitization effects and with the active substance acting 
as an excellent vehicle, possibly also with a retard effect. Medicaments containing the new derivatives which may be 
used in ophthalmic treatments mainly concern miotic, wound healing, anti-inflammatory and anti-microbial/antibiotic 
effects. Some examples of antibiotic substances are: basic and nonbasic antibiotics, for example aminoglucosidics, 

45 macrolidics, tetracycline and peptides, such as for example gentamycin, neomycin, streptomycin, dihydrostreptomycin, 
kanamycin, amikacin, tobramycin, spectinomycin, erythromycin, oleandomycin, carbomycin, spiramycin, oxytetracy- 
cline, rolitetracycline, bacitracin, polymyxin B, gramicidin, colistin, chloramphenicol, tincomycin, vancomycin, novo- 
biocin, ristocetin, clindamycin, amphotericin B, griseofulvin, nystatin and possibly their salts, such as sulphates or 
nitrates, or associations of the same either among themselves or with other active principles, such as for example 

50 those mentioned below. 

Other ophthalmic drugs to be used to advantage according to the present invention are: other anti-infectives such 
as diethylcarbamazine, mebendazole, sulphamidics such as sulfacetamide, sulfadiazine, sulfisoxazole; antivirals and 
antitumorats such as iododeoxy uridine, adenine arabinoside, trifluorothymidine, acyclovir, ethy Id eoxy uridine, bromov- 
inyldeoxyuridine, 5-iodo-5'-amino-2*,5'-dideoxyuridine; steroid anti-inflammatories, such asdexamethasone, hydrocor- 

55 tisone, prednisolone, fluorometholone, medrysone and possibly their esters, for example phosphoric acid esters; non 
steroid anti-inflammatories such as indomethacin, oxyphenbutazone, flurbiprofen; wound healers such as epidermal 
growth factor EGF; local anesthetics, such as Benoxinate, proparacaine and possibly their salts; cholinergic agonist 
drugs such as pilocarpine, methacholine, carbamylcholine, aceclidine, physostigmine, neostigmine, demecarium and 
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possibly their salts; cholinergic blocker drugs such as atropine and its salts; adrenergic agonist drugs such as no- 
radrenaline, adrenalin, naphazoline, methoxamine and possibly their salts; adrenergic blocker drugs such as pro- 
pranolol, timolol, pindolol, bupranolol, atenolol, metoproiol, oxprenolol, practolol, butoxamine, sotalol, butadrin, labeta- 
lol and possibly their salts. 

5 Examples of active substances to be used on their own or in association among themselves with other active 

principles in dermatology are: therapeutic agents such as anti-infective agents, antibiotics, antimicrobials, anti-inflam- 
matories, cytostatics, cytotoxics, antivirals, anesthetics, and preventive agents, such as sun shields, deodorants, an- 
tiseptics and disinfectants. 

From the examples quoted for ophthalmology and dermatology, it is reasonable to assume by analogy which are 

io the medicaments according to the present invention suitable for use in the various fields of medicine, such as for 
example otolaryngology, gynecology, angiology, neurology or any other type of pathology of the internal organs which 
may be treated by local topical applications, for example by rectal action. It is of course possible to prepare associations 
of therapeutically active substances with the new derivatives according to the present invention, suitable for parenteral 
administration. In the latter case, to obtain aqueous solutions for injection, hyaluronic derivatives with a low level of 

is cross-linking and/or esterification should be chosen. Derivatives which are only slightly, or not at all soluble in water, 
can be used to make associations containing the active substances for administration in solutions of organic substanc- 
es, for example oily solutions. 

The medicaments of the type described here for topical use may be in solid form, such as freeze-dried powders 
containing only the two components as a mixture or separately. Such solid form medicaments, on contact with the 

20 epithelium to be treated, form more or less concentrated solutions according to the nature of the particular epithelium 
having the same characteristics as the solutions previously prepared in vitro and which represent another particularly 
interesting aspect of the present invention. Such solutions are preferably in distilled water or sterile saline and contain 
prefereably no other pharmaceutical vehicle besides the hyaluronic ester or one of its salts. The concentrations of such 
solutions may also vary within wide limits, for example between 0.01 and 75% both for each of the two components 

25 taken separately, and for their mixtures or salts. Particular preference is given to solutions with pronounced elastic 
viscous properties, for example with a content of between 1 0% and 90% of the medicament or of each of its components. 
Particularly important are medicaments of this type, both in an anhydrous form (freeze-dried powder) or as concentrated 
solutions or diluted in water or saline, possibly with the addition of additive or auxilliary substances, such as in particular 
disinfectant substances or mineral salts acting as vehicle or others, for ophthalmic use. 

30 Of the medicaments of the invention it is preferable to choose, as the case may be, those with a degree of acidity 

suitable for the environment to which they are to be applied, that is, with a physiologically tolerable pH. The pH, for 
example in the above salts of the hyaluronic acid esters with a basic active substance, may be adjusted by suitably 
regulating the quantity of polysaccharide, of its salts and of the basic substance itself. Thus, for example, if the acidity 
of a salt of a hyaluronic ester with a basic substance is too high, the excess of free acid groups is neutralized with the 

35 above said inorganic bases, for example with sodium or potassium or ammonium hydrate. 

Methods of Preparing HY Esters of the Inventions 

The new cross-linked derivatives of the present invention may be prepared by methods per se known for the 

40 esterification of carboxy acids, for example for treatment of free hyaluronic acid with the above polyhydric alcohols in 
the presence of catalysts, such as strong inorganic acids or acid-type ionic exchangers, or with an esterifying agent 
able to introduce the desired alcohol residue in the presence of inorganic or organic bases. As esterifying agents it is 
possible to use those named in literature, such as especially the esters of various inorganic acids or organic sulfonic 
acids, such as hydrogen acids, that is the alkyl halogenide, such as methyl iodide or other alkyl groups which are at 

45 the base of the above bivalent alcohols. 

The reaction may be effected in a suitable solvent, for example an alcohol, preferably the one corresponding to 
the alkyl group to be introduced into the carboxy group, but may also be effected in non-polar solvents such as ketones, 
ethers, such as dioxane or aprotic solvents, such as dimethylsulfoxide. As a base, it is possible to use for example a 
hydroxide of an alkaline metal, alkaline earth metal or magnesium or oxide of silver or a basic salt of one of these 

so metals, such as carbonate, and, of the organic bases, a tertiary azotized base, such as pyridine or collidine. Instead 
of the base, a basic-type ion exchanger may be used. 

Another esterification method involves metal salts or salts with organic azotized bases, for example ammonium 
or ammonium substitute salts. Preferably, the salts of alkaline or alkaline earth metals should be used, but any other 
metal salt may also be used. The esterifying agents are also in this case those mentioned above and the same is true 

55 of the solvents. Preferably, aprotic solvents should be used, for example dimethylsulfoxide and dimethylformamide. 
These esterification methods may of course also be used to prepare the simple esters described above. 

According to a new and original procedure described in the above co-pending U.S. application and regarding the 
simple esters of hyaluronic acid, these may be prepared to advantage, starting with the quaternary ammonium salts 
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of hyaluronic acid with an esterifying agent in an aprotic solvent, such as dialky [sulfoxides, dialkylcarboxylamides, such 
as in particular lower alkyl dia Iky [sulfoxides, above all dimethylsulfoxide, and lower alkyl dialkylamides of inferior aliphat- 
ic acids, such as dimethyl or diethyl formamide or dimethyl or diethylacetamide. The reaction is effected preferably at 
a temperature range of between about 0° and 100°, and especially between about 25° and 75°, for example at about 

s 30°. Esterification is effected preferably by gradually adding the esterifying agent to the above ammonium salt dissolved 
in one of the solvents mentioned, for example in dimethylsulfoxide. 

The same method can be used to prepare the typical cross-linked esters of the present invention, that is, the bridge 
bonds between two carboxy groups are easily formed by esterifying substances deriving from the above polyhydric 
alcohols on the quaternary ammonium salts of hyaluronic acid. As starting quaternary ammonium salts, it is preferable 

10 to use inferior ammonium tetraalkylates, the alkyl groups having preferably between 1 and 6 carbon atoms. As a first 
choice, tetrabutylammonium hyaluronate should be used. These quaternary ammonium salts can be prepared by re- 
acting a metal salt of hyaluronic acid, preferably one of those mentioned above, especially sodium or potassium salt, 
in aqueous solution with a sulfonic resin salified with the quaternary ammonium base. Tetraalkylammonium hyaluronate 
can be obtained by freeze-drying the eluate. 

*5 The tetraalkylammonium hyaluronates deriving from lower alkyls, especially alkyls with between 1 and 6 carbon 

atoms, are new and form another object of the present invention. Unexpectedly, such salts have proved to be soluble 
in the above aprotic solvents, and esterification of hyaluronic acid according to the above new procedure is therefore 
particularly easy and gives abundant yields. It is, therefore, only by such a procedure that it is possible to exactly dose 
the number of hyaluronic acid carboxy groups to be esterified. 

20 One variation of the previously specified procedure consists in reacting the potassium or sodium salt of hyaluronic 

acid, suspended in a suitable solvent such as dimethylsulfoxide, with a suitable etherifying agent in the presence of a 
catalyzing quantity of quaternary ammonium salt, such as tetrabutylammonium iodide. For the preparation of the new 
esters according to the present invention, hyaluronic acids of any origin may be used, for example the acids extracted 
from the above natural starting materials, for example from cocks' combs. The preparation of such acids is described 

25 jn literature: preferably, purified hyaluronic acids should be used. According to the invention, it is preferable to use 
hyaluronic acids comprising the molecular fractions of the integral acids obtained directly by extraction of the organic 
materials with molecular weights which may vary greatly, for example between about 90%-80% and 0,2% of the mo- 
lecular weight of the integral acid, preferably between 5% and 0,2%. These fractions may be obtained by various 
procedures described in literature, and that is, by hydrolizing or oxidizing or enzymatic agents or physical procedures, 

30 for example mechanical procedures or by irradiation, and often therefore, primordial extracts are formed during these 
same purification procedures (see for example the above mentioned article by Balazs et al. in "Cosmetics & Toiletries"). 
The separation and purification of the molecular fractions obtained is effected for example by known techniques, for 
example by molecular filtration. 

One purified HY fraction suitable for use according to the invention is for example the one named "non-inflammatory 

35 sodium hyaluronate-NIF-NaHA described by Balazs in the leaflet "Healon" - A guide to its use in Ophthalmic Surgery 
- D. Miller & R. Stegmann, eds. John Wiley & Sons N.Y 81983: p.5. Particulary important as starting materials for the 
esters of the present invention are two purified fractions obtainable from hyaluronic acid, for example the type extracted 
from cocks' combs, known by the names of "Hyalastine" and "Hyalectin". The fraction Hyalastine has an average 
molecular weight of between about 50,000 and 100,000 while the fraction Hyalectin has an average molecular weight 

40 of between about 500,000 and 730,000. One fraction combined with these two fractions has also been isolated and 
characterized as having an average molecular weight of between about 250,000 and 350,000. This combined fraction 
may be obtained giving a yield of total hyaluronic acid equal to 80% of the amount available in the particular starting 
material, while the fraction Hyalectin can be obtained with a yield of 30% and the fraction Hyalastine with a yield of 
50% of the starting HY. The preparation of these fractions is described in Examples 38 and 40. 

45 In the new cross-linked derivatives of hyaluronic acid the nonesterified carboxy groups may be free or salified or 

partially salified and various different types of cross-linked products are therefore obtained. That is, those in which the 
remaining carboxy groups are free or salified, those in which the remaining carboxy groups are totally or partially 
esterified and in the latter the remaining groups may in turn be free or salified. Thus, a whole range of products is 
available, varying in their physical properties and especially regarding their degree of acidity and visco-elastic properties 

50 and their ability to form gels. The number of acid groups to be kept free may be important for the preparation of med- 
icaments with a particular pH. 

Preparation of the salts of the new derivatives can be carried out in the known manner, for example by reacting 
on the hyaluronic derivative the calculated basic quantity of alkaline hydrates for example or basic salts of alkaline 
metals, such as carbonates or bicarbonates. It is possible for example to first prepare aqueous solutions of the hy- 

55 aluronic derivative and of the base, freeing such substances from the aqueous solutions of their salts with suitable 
ionic exchangers, pooling the two solutions at a low temperature, for example between 0° and 20°; if the salt thus 
obtained is easily soluble in water it is freeze-dried, while the less soluble salts may be separated by centrifugation or 
filtration or decanting and possibly then dried. In the case of the organic bases, to be vehicled with the new cross- 
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linked derivatives, the medicaments obtained as salts of such bases with the new derivatives may be neutral, acid or 
basic according to whether stoichiometric quantities are added, or whether there is a basic defect or excess. 

According to a particular aspect of the invention it is possible to prepare medicaments of the above type starting 
with the previously isolated salts and possibly purified, in an anhydrous state, such as amorphous powders, which on 
contact with the tissue to be treated constitute a concentrated aqueous solution of a gelatinous character, viscous 
consistency and with elastic properties. These qualities are maintained also at stronger dilutions and may be used in 
place of the above anydrous salts, more or less concentrated solutions in water or saline, possibly with the addition of 
other excipients or additives, such as other mineral salts to regulate the pH and osmotic pressure. It is of course also 
possible to use the salts to make gels, inserts, creams or ointments, including other excipients or ingredients used in 
traditional formulations of these pharmaceutical preparations. 

Of the new products of the present invention the esters described above and their salts and those featuring in the 
following illustrative Examples should be placed in particular evidence. 

The present invention also includes modifications of the preparation procedures of the new esters and of their 
salts, in which a procedure is interrupted at any stage or in which the procedure starts with an intermediate compound 
and the remaining stages are then effected, or in which the starting products are formed in situ. 

The invention is illustrated by the following Examples, without them limiting its range, in which DMSO means 
dimethylsu If oxide. The products described in the -Exam pies comprise cross-linked esters according to the invention, 
having a percentage of the hyaluronic acid carboxyls esterified with a polyhydric alcohol, and having the remaining 
carboxyls salified and/or esterified with a monohydric alcohol. Table 1 lists the various products according to Examples 
1-37 describing the number of carboxyls esterified with the specified polyhydric alcohol, and the number of carboxyls 
salified with sodium and/or esterified with the specified monohydric alcohol. 

Example 1 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C under rigorously 
damp-free conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added (0.5 mmol) and 
the solution is agitated for 15 hr at 30°C. 0.074 g of 1 ,3-diiodopropane are added (0.25 mmol, corresponding to 0.5 
mEq) and after homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution is 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while cooling it from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, then vacuum-dried. 

4.01 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff etal. (Anal. Biochem.33, 1028, 1961) and 
shows a content of 0.56% w/w as ethanol (theoretical: 0.574). Analysis of the total ester groups is carried out by 
saponification reaction with an excess quantity of NaOH 0. 1 N at 50°C for 30 min. The excess is determined by titration 
with HCI 0.1N using phenolphthalein as indicator. In this way it is possible to determine a total ester group content 
equal to 0.24 mEq/g (theoretical: 0.25). 

Example 2 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO a 25°C in rigourously damp- 
free conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added (0,5 mmol) and the 
solution is agitated for 15 hr at 30*C. 0.148 g of 1 ,3 diiodopropane are added (0.5 mmol, corresponding to 1 mEq) and 
after homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution is 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while cooling it from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, then vacuum-dried. 

3.99 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 0.56% w/w 
as ethanol (theoretical: 0.574). Analysis of the total ester groups is carried out by saponification reaction with an excess 
quantity of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein 
as indicator. In this way it is possible to determine a iotai ester group content equal to 0.36 mEo/g (theoretical 0.374). 
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Example 3 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

6.21 g of tetrabutylammonium salt of HY (1 0 mEq) are solubilized in 248 ml of DMSO at 25°C in rigourously damp- 
5 free conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added (0.5 mmol) and the 
solution is agitated for 15 hr at 30°C. 0.296 g of 1 ,3 diiodopropane are added (1 mmol, corresponding to 2 mEq) and 
after homogenization the solution is kept at 30°C per 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution is 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while cooling it from the outside with a bath of H 2 0/ice. 
10 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, then vacuum-dried. 
3.98 g of the compound featured in the title are obtained, 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 0.56% w/w 
as ethanol (theoretical: 0.574). Analysis of the total ester groups is carried out by saponification reaction with an excess 
'5 quantity of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI0.1N using pheonlphthalein 
as indicator. In this way it is possible to determine a total ester group content equal to 0.61 mEq/g (theoretical 0.623). 

Example 4 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

20 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 m! of DMSO at 25°C under rigourously 
damp-free conditions, in nitrogen atmosphere and away from light. 0.1 56 g of ethyl iodide are added (1 mmol) and the 
solution is agitated for 15 hr at 30°C. 0.296 g of 1-3 diiodopropane are added (1 mmol, corresponding to 2 mEq) and 
after homogenization the solution is kept at 30°C for 24 hr. 
25 For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 

added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 O f while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

4.00 g of the compound featured in the title are obtained. 

30 Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 1 .08% w/w 

as ethanol (theoretical: 1.15). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 0.735 mEq/g (theoretical 0.747). 

3S Example 5 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.312 g of ethyl iodide are added (2 mmol) and the solution 
40 is agitated for 15 hr at 30°C. 0.296 g of 1,3-diiodopropane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
45 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

4.01 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 2.18% w/w 
as ethanol (theoretical: 2.29). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1 N a 50*C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
so indicator. It is thus possible to determine a total ester group content of 0.98 mEq/g (theoretical 0.995). 

Example 6 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

ss 6.21 g of tetrabutylammonium salt of HY (1 0 mEq) are solubilized in 248 ml of DMSO at 25°C in rigourously damp- 

free conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.296 g of 1-3 diiodopropane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 
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For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
s 4.00 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 4.5% w/w as 
ethanol (theoretical: 4.57). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .43 mEq/g (theoretical: 1.49). 

10 

Example 7 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
'5 conditions, in nitrogen atmosphere and away from light. 0.934 g of ethyl iodide are added (6 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.296 g of 1-3 diiodopropane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30° C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice, 
20 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.03 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 6.74% w/w 
as ethanol (theoretical: 6.83). Total ester group analysis is carried out by saponification reaction with an excess quantity 
25 of NaOH 0.1 N at 50°C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1.96 mEq/g (theoretical: 1.98). 

Example 8 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propandiol 

30 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO a 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 1.170 g of ethyl iodide are added (7.5 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.296 g of 1,3-diiodopropane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 
35 For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 

added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

4.02 g of the compound featured in the title are obtained. 
40 Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 8.46% w/w 

as ethanol (theoretical: 8.52). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 2.28 mEq/g (theoretical: 2.34). 

45 Example 9 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,3-propaniol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
so is agitated for 15 hr at 30°C. 0.592 g of 1-3 diiodopropane are added (2 mmol, corresponding to 4 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while cooling it from the outside with a bath of HgO/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
55 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.99 g of the compound featured in the title are obtained. 

Ethoxyi determination is carried out according to the method of Cundiff et al. and shows a content of 4.42% w/w 
as ethanol (theoretical: 4.57). Total ester group analysis is carried out by saponification reaction with an excess quantity 
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of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator, it is thus possible to determine a total ester group content of 1.96 mEq/g (theoretical: 1.99). 

Example 10 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
s 1,4-butanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.312 g of ethyl iodide are added (2 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.310 g of 1 ,4-diiodobutane are added (1 mmol, corresponding to 2 mEq) and after 
10 homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
'5 4.02 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 2.3% w/w as 
ethanol (theoretical: 2.28). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 0.97 mEq/g (theoretical: 0.99). 

20 

Example 11 • Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,4-butanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
25 conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.310 g of 1 ,4-diiodobutane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
30 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.95 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 2.25% w/w 
as ethanol (theoretical: 2.28). Total ester group analysis is carried out by saponification reaction with an excess quantity 
35 of NaOH 0.1 N at 50°C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .41 mEq/g (theoretical: 1.48). 

Example 12 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1 ,4-butanediol 

40 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.936 g of ethyl iodide are added (6 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.310 g of 1-4 diiodobutane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30° C for 24 hr. 
45 For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 

added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

3.98 g of the compound featured in the title are obtained. 
50 Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 6.69% w/w 

as ethanol (theoretical: 6.81 ). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1 N at 50°C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1.91 mEq/g (theoretical: 1.97). 

55 Example 1 3 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1 ,6-hexanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
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conditions, in nitrogen atmosphere and away from light. 0.312 g of ethyl iodide are added (2 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.244 g of 1 ,6-dibromohexane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
5 added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

4.05 g of the compound featured in the title are obtained. 

Ethoxyi determination is carried out according to the method of Cundiff et al. and shows a content of 2.18% w/w 
10 as ethanol {theoretical: 2.27). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 0.96 mEq/g (theoretical 0.985). 

Example 14 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
15 1,6-hexanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 mi of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.244 g of 1 ,6-dibromohexane are added (1 mmol, corresponding to 2 mEq) and after 
20 homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 O p while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
25 4.02 g of the compound featured in the title are obtained. 

Ethoxyi determination is carried out according to the method of Cundiff et al. and shows a content of 4.46% w/w 
as ethanol (theoretical: 4.52). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .43 mEq/g (theoretical: 1.47). 

30 

Example 15 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,6-hexanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
35 conditions, in nitrogen atmosphere and away from light. 0.934 g of ethyl iodide are added (6 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.244 g of 1 ,6-dibromohexane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30° C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
40 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.00 g of the compound featured in the title are obtained. 

Ethoxyi determination is carried out according to the method of Cundiff et al. and shows a content of 6.68% w/w 
as ethanol (theoretical: 6.76). Total ester group analysis is carried out by saponification reaction with an excess quantity 
<5 of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1.91 mEq/g (theoretical: 1.96). 

Example 16 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,8-octanediol 

so 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added (0.5 mmol) and the solution 
is agitated for 1 5 hr at 30°C. 0.068 g of 1 ,8-dibromooctane are added (0.25 mmol, corresponding to 0.5 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 
55 For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 

added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 O p while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
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3.99 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 0.54% w/w 
as ethanol (theoretical: 0.571 ). Total ester group analysis is carried out by saponification reaction with an excess quan- 
tity of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as 
s an indicator. It is thus possible to determine a total ester group content of 0.23 mEq/g (theoretical: 0.25). 

Example 17 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,8-octanediol 

io 6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 

conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added (0.5 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.136 g of 1 ,8-dibromooctane are added (0.5 mmol, corresponding to 1 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
is added 2.5 g of NaCI dissolved in 1 00 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.97 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 0.55% w/w 
20 as ethanol (theoretical: 0.569). Total ester group analysis is carried out by saponification reaction with an excess quan- 
tity of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as 
an indicator. It is thus possible to determine a total ester group content of 0.35 mEq/g (theoretical: 0.37). 

Example 18 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
25 1,8-octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added (0.5 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.272 g of 1,8-dibromooctane are added (1 mmol, corresponding to 2 mEq) and after 
30 homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
35 4.05 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 0.55% w/w 
as ethanol (theoretical: 0.564). Total ester group analysis is carried out by saponification reaction with an excess quan- 
tity of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as 
an indicator. It is thus possible to determine a total ester group content of 0.60 mEq/g (theoretical: 0.61). 

40 

Example 19 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,8-octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
45 conditions, in nitrogen atmosphere and away from light. 0.156 g of ethyl iodide are added (1 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.272 g of 1,8-dibromooctane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
50 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.01 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 1 .09% w/w 
as ethanol (theoretical: 1.13). Total ester group analysis is carried out by saponification reaction with an excess quantity 
55 of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 0.70 mEo/g (theoretical: 0.73). 
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Example 20 - Preparation of hyaluronic acid (HY) partially esterrfied with ethanol and partially cross-linked with 
1,8-octanediot 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
5 conditions, in nitrogen atmosphere and away from light. 0.312 g of ethyl iodide are added (2 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.272 g of 1 ,8-dibromooctane are added {1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 1 00 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
10 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.05 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 2.05% w/w 
as ethanol (theoretical: 2.25). Total ester group analysis is carried out by saponification reaction of an excess quantity 
is of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 0.96 mEq/g (theoretical: 0.98). 

Example 21 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1 ,8-octanediol 

20 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.272 g of 1 ,8-dibromooctane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 
25 For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 

added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

3.99 g of the compound featured in the title are obtained. 
30 Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 4.39% w/w 

as ethanol (theoretical: 4.49). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1 N at 50°C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .43 mEq/g (theoretical: 1.46). 

35 Example 22 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,8-octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.934 g of ethyl iodide are added (6 mmol) and the solution 
40 is agitated for 15 hr at 30°C. 0.272 g of 1-B dibromooctane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
45 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.10 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 6.66% w/w 
as ethanol (theoretical: 6.72). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
50 indicator. It is thus possible to determine a total ester group content of 1 .89 mEq/g (theoretical: 1 .94). 

Example 23 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1 ,8-octanediol 

55 6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dn/ 

conditions, in nitrogen atmosphere and away from light. 1.170 g of ethyl iodide are added (7.5 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.272 g of 1 ,8-dibromooctane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 
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For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
s 4.03 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 8.27% w/w 
as ethanol (theoretical: 8.38). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 2.05 mEq/g (theoretical: 2.3). 

10 

Example 24 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,8-octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
is conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.544 g of 1 ,8-dibromooctane are added (2 mmol, corresponding to 4 mEq) and after 
homogenization the solution is kept at 30°C for 24 nr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
20 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.15 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 4.36% w/w 
as ethanol (theoretical: 4.42). Total ester group analysis is carried out by saponification reaction with an excess quantity 
25 of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .90 mEq/g (theoretical: 1.92). 

Example 25 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,10-decanediol 

30 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.312 g of ethyl iodide are added (2 mmol) and the solution 
is agitated for 15 hr at 30°C. 0.300 g of 1 , 1 0-dibromodecane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30*C for 24 hr. 
35 For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 

added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 

4.12 g of the compound featured in the title are obtained. 
40 Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 2.12% w/w 

as ethanol (theoretical: 2.24). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1 N at 50°C for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 0.94 mEq/g (theoretical: 0.97). 

45 Example 26 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
1,10-decanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 mmol) and the solution 
so is agitated for 15 hr at 30°C. 0.300 g of 1 ,1 0-dibromodecane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
55 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.10 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 4.36% w/w 
as ethanol (theoretical: 4.46). Total ester group analysis is carried out by saponification reaction with an excess quantity 
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of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenotphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .43 mEq/g (theoretical: 1 .45). 

Example 27 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked with 
5 1,10-decanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.934 g of ethyl iodide are added (6 mmol) and the solution 
is agitated for 15 hr at 30° C. 0.300 g of 1,10-dibromodecane (1 mmol, corresponding to 2 mEq) and after homogeni- 
10 zation the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
'5 4. 1 2 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 6.5% w/w as 
ethanol (theoretical: 6.67). Total ester group analysis is carried out by saponification reaction with an excess quantity 
of NaOH 0.1N at 50°C for 30 min. The excess is determined by titration with HCI 0.1N using phenolphthalein as an 
indicator. It is thus possible to determine a total ester group content of 1 .87 mEq/g (theoretical: 1 .93). 

20 

Example 28 - Preparation of hyaluronic acid (HY) partially esterified with benzyl alcohol and partially cross-linked with 
1,8-octanedtol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
25 conditions, in nitrogen atmosphere and away from light. 0.342 g of benzyl bromide are added (2 mmol) and the solution 
is agitated for 15 hr at 30 'C. 0.272 g of dibromooctane are added (1 mmol, corresponding to 2 mEq) and after ho- 
mogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution is 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
30 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.15 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 0.1N at 50°C 
for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an indicator. It is thus possible 
35 to determine a total ester group content of 0.93 mEq/g (theoretical: 0.95). 

Example 29 - Preparation of hyaluronic acid (HY) partially cross-linked with 1 ,3-propanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
40 conditions, in nitrogen atmosphere and away from light. 0.296 g of 1 ,3-diiodopropane are added (1 mmol, corresponding 
to 2 mEq) and after homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
45 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.98 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 0.1N at 50°C 
for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an indicator. It is thus possible 
to determine a total ester group content of 0.47 mEq/g (theoretical: 0.499). 

so 

Example 30 - Preparation of hyaluronic acid (HY) partially cross-linked with 1 ,3-propanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.740 g of 1 ,3-diiodopropane are added (2.5 mmol, corre- 
55 sponding to 5 mEq) and after homogenization the solution is kept at 30° C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution is 
added of 2.5 g of NaCI dissolved in 100 ml of distilled H a O, while it is cooled from the outside with a bath of H 2 0/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 
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5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.89 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 0.1 N at 50°C 
for 30 min. The excess is determined by titration with HCI 0. 1 N using phenolphthalein as an indicator. It is thus possible 
s to determine a total ester group content of 1 .21 mEq/g (theoretical: 1 .25). 

Example 31 - Preparation of hyaluronic acid (HY) partially cross-linked with 1,3-propanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C with in rigourously 
10 damp-free conditions, in nitrogen atmosphere and away from light. 1 .184 g of 1 ,3-diiodopropane are added (4 mmol, 
corresponding to 8 mEq) and after homogenization the solution is kept at 30° C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 O t while it is cooled from the outside with a bath of H 2 0/ice. 
500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
15 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.87 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out. by saponification reaction wiih an excess quantity of NaOH 0.1N at 50°C 
for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an indicator. It is thus possible 
to determine a total ester group content of 1 .97 mEq/g (theoretical: 2.00). 

20 

Example 32 - Preparation of hyaluronic acid (HY) partially cross-linked with 1 ,4-butanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.310 g of 1 ,4-diiodobutane are added (1 mmol, corresponding 
25 to 2 mEq) and after homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
30 4.00 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 0.1 N at 50°C 
for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an indicator. It is thus possible 
to determine a total ester group content of 0.492 mEq/g (theoretical: 0.497). 

35 Example 33 - Preparation of hyaluronic acid (HY) partially cross-linked with 1 ,6-hexanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.370 g of tetrabutylammonium iodide are added (1 mmol and 
the solution is agitated for 1 hr at 20°C. 0.244 g of 1 ,6-dibromohexane (1 mmol, corresponding to 2 mEq) and after 
40 homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 O p while cooling it from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 
5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
45 4.01 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 0.1N at 50°C 
for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an indicator. It is thus possible 
to determine a total ester group content of 0.486 mEq/g (theoretical: 0.494). 

so Example 34- Preparation of hyaluronic acid (HY) partially cross-linked with 1 ,8-octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
conditions, in nitrogen atmosphere and away from light. 0.370 g of tetrabutylammonium iodide (1 mmol are added and 
the solution is agitated for 1 hr at 20°C. 0.272 g of 1 ,8-dibromooctaane are added (1 mmol, corresponding to 2 mEq) 
55 and after homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H 2 0 
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5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.02 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 0.1 N at 50°C 
for 30 min. The excess is determined by titration with HCI 0.1 N using phenolphthalein as an indicator. It is thus possible 
5 to determine a total ester group content of 0.478 mEq/g (theoretical: 0.490). 

Example 35 - Preparation of hyaluronic acid (HY) partially cross-linked with 1 ( 10-decanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in absolutely dry 
10 conditions, in nitrogen atmosphere and away from light. 0.369 g of iodide are added (1 mmol) and the solution is 
agitated for 1 hr at 20°C. 0.300 g of 1,10-dibromodecane are added (1 mmol, corresponding to 2 mEq) and after 
homogenization the solution is kept at 30°C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting solution are 
added 2.5 g of NaCI dissolved in 100 ml of distilled H 2 0, while it is cooled from the outside with a bath of H 2 0/ice. 
is 500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 1 00 ml of acetone/H 2 0 

5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.99 g of the compound featured in the title are_ obtained, 

Total ester group analysts is carried out by saponification reaction with an excess quantity of NaOH 0.1N at 50°C 
for 30 min. The excess is determined by titration with HCI 0. 1 N using phenolphthalein as an indicator. It is thus possible 
20 to determine a total ester group content of 0.476 mEq/g (theoretical: 0.487). 
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PERCENTAGE COMPOSITION OF THE VARIOUS CROSS-LINKED PRODUCTS 


EXAMPLES No. 


No. OF ESTERIFIED 


NO. Or GHUob-LINKbU 


f\0. OAHdUaYLo oALIrltU 




^adroyvi c dcd inn 
OAntJUATLo rtn lUU 


p^APRPiYVI Q peg mo 

OnnDUATLO rtn IUU 


with ^nniuM pfr inn 




WITH ... 


WITH ... 




1 


5 / CH 3 -CH 2 - 


5 / -(CH 2 ) 3 - 


90 


2 


5 / CH 3 -CH 2 - 


10/-(CH 2 ) 3 - 


85 


3 


5 / CH 3 -CH 2 - 


20/-(CH 2 ) 3 - 


75 


4 


10/CH 3 -CH 2 - 


20/-(CH 2 ) 3 - 


70 


5 


20/CH 3 -CH 2 - 


20/-(CH 2 ) 3 - 


60 


6 


40/CH 3 -CH 2 - 


20/-(CH 2 ) 3 - 


40 


7 


60/CH 3 -CH 2 - 


20/-(CH 2 ) 3 - 


20 


8 


75/CH 3 -CH 2 - 


20/-(CH 2 ) 3 - 


5 


9 


40/CH 3 -CH 2 - 


40/-(CH 2 ) 3 - 


20 


10 


20/CH 3 -CH 2 - 


20/-(CH 2 ) 4 - 


60 


11 


40/CH 3 -CH 2 - 


20 / -(CH 2 ) 4 - 


40 


12 


60/CH 3 -CH 2 - 


20 / -(CH 2 ) 4 - 


20 


13 


20/CH 3 -CH 2 - 


20/-(CH 2 ) 6 - 


60 


14 


40/CH 3 -CH 2 - 


20/-(CH 2 ) e - 


40 


15 


60/CH 3 -CH 2 - 


20/-(CH 2 ) 6 - 


20 


16 


5 / CH 3 -CH 2 - 


5/-(CH 2 ) 8 - 


90 


17 


5 / CH 3 -CH 2 - 


10/-(CH 2 ) 8 - 


85 


18 


5 / CH 3 *CH 2 - 


20/-(CH 2 ) 8 - 


75 


19 


10/CH 3 -CH 2 - 


20/-(CH 2 ) B - 


70 


20 


20/CH 3 -CH 2 - 


20/-(CH 2 ) 8 - 


60 


21 


40/CH 3 -CH 2 - 


20/-(CH 2 ) 8 - 


40 


22 


60/CH 3 -CH 2 - 


20/-(CH 2 ) 8 - 


20 


23 


75/CH 3 -CH 2 - 


20/-(CH 2 ) 8 - 


5 


24 


40/CH 3 -CH 2 - 


40/-(CH 2 ) 8 - 


20 


25 


20/CH 3 -CH 2 - 


20/-(CH 2 ) 10 - 


60 


26 


40/CH 3 -CH 2 - 


20/-(CH 2 ) 10 - 


40 


27 


60/CH 3 -CH 2 - 


20/-(CH 2 ) 10 - 


20 
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TABLE 1 (continued) 



PERCENTAGE COMPOSITION OF THE VARIOUS CROSS-LINKED PRODUCTS 


EXAMPLES No. 


No. OF ESTERIFIED 


No. OF CROSS-LINKED 


No. CARBOXYLS SALIFIED 




CARBOXYLS PER 100 


CARBOXYLS PER 100 


WITH SODIUM PER 100 




WITH... 


WITH ... 




28 


20 / 0-CH 2 - 


20 / -(CH 2 ) 8 - 


60 


29 




20/-(CH 2 ) 3 - 


80 


30 




50 / -(CH 2 ) 3 - 


50 


31 




80 / -(CH 2 ) 3 - 


20 


32 




20 / -(CH 2 ) 4 - 


80 


33 




20/-(CH 2 ) 6 - 


80 


34 




20/-(CH 2 ) e - 


80 


35 




20/-(CH 2 ) 10 - 


80 



Example 36 - Method by which a mixture of Hyalastine and Hyalectin fractions, with no inflammatory activity, may be 
obtained 



Fresh or frozen cocks' combs, (3000 g) are minced in a mincer and then carefully homogenized in a mechanical 
homogenizer. The paste thus obtained is placed in a AIS1 316 stainless steel container or in glass and treated with 10 
volumes of anhydrous acetone. The whole is agitated for 6 hours at a speed of 50 rpm. It is left to separate for 1 2 hrs 
and then the acetone is discarded by siphoning. Acetone extraction is repeated until the discarded acetone reaches 
the right degree of humidity (Karl-Fischer method). The whole is then centrifuged and vacuum dried at a suitable 
temperature for 5-8 hours. Approximately 500-600 gr of dry powdered cocks' combs are thus obtained. 

300 gr. of dry powder are exposed to enzymatic digestion with papain (0.2 g) in aqueous medium buffered with 
phosphate buffer in the presence of a suitable quantity of hydrochloride cysteine. It is agitated for 24 hrs at 60 rpm at 
a constant temperature of 60-65°C. The whole is then cooled to 25°C and Celite R (60 gr) is added, maintaining agitation 
for another hour. The mixture obtained is filtered until a clear liquid is obtained. The clear liquid is exposed to molecular 
ultrafiltration on membranes with a molecular exclusion limit of 30,000 to retain on the membrane those molecules with 
a molecular weight of over 30,000. 

5 to 6 original volumes are ultrafiltered, continuously adding distilled water to the product being ultrafiltered. The 
addition of water is suspended and ultrafiltration is continued until the volume is reduced to 1/3 of the original. The 
residue liquid is brought to 0.1 M with the addition of sodium chloride and the temperature is brought to 50°C. Under 
agitation of 60 rpm, 45 g of cetylpyridinium chloride are added. It is agitated for 60 minutes and then 50 g of Celite R 
are added. Under agitation, the temperature of the whole is brought to 25°C and the precipitate formed by centrif ugation 
is gathered. The precipitate obtained is suspended in a 0.01 M solution in sodium chloride (5 litres) containing 0.5% 
cetylpyridinium chloride. It is agitated for 60 minutes at 50°C; the temperature is then brought to 25°C and the precipitate 
is centrifuged. Washing is repeated 3 times and finally the precipitate is gathered in a recipient containing 3 litres of a 
0.05M solution of sodium chloride containing 0.5% cetylpyridinium chloride. 

It is agitated at 60 rpm for 60 minutes and the temperature is kept constant at 25°C for two hours. The supernatant 
is eliminated by centrif ugation. The procedure is repeated several times with solutions of 0.1 M sodium chloride con- 
taining 0.05% of cetylpyridinium chloride. The mixture is centrifuged and the supernatant is discarded. The precipitate 
is dispersed in a solution of 0.30M sodium chloride containing 0.5% cetylpyridinium chloride (3 litres). The mixture is 
agitated and both the precipitate and the clear liquid are gathered. Extraction is repeated on the precipitate 3 more 
times, each time using 0.5 It of the same aqueous solution. 

Finally, the residue precipitate is eliminated and the clear liquids are gathered in a single container. The temperature 
of the liquid is brought to 50°C while maintaining agitation. The liquid is then brought to 0.23M with sodium chloride. 
1 gr of cetylpyridinium chloride is added, and agitation is maintained for 12 hrs. 

The mixture is cooled to 25°C and then filtered first on Celite R and then through a filtre. It is then again exposed 
to molecular ultrafiltration on membrane with a molecular exclusion limit of 30.000 ultrafiltering three initial volumes 
with the addition of a 0.33M sodium chloride solution. The addition of sodium chloride solution is suspended and the 
volume is reduced to 1/4 of the initial volume. The solution thus concentrated is precipitated under agitation (60 rpm) 
at 25° C with 3 volumes of ethane! (95%). The precipitate is gathered by centrif ugation and the supernatant is discarded. 
The precipitate is dissolved in 1 It of 0.1M solution in sodium chloride and precipitation is repeated with 3 volumes of 
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95% ethanol. The precipitate is gathered and washed first with 75% ethanol 3 times, then with absolute ethanol (3 
times), and lastly with absolute acetone (3 times). 

The product thus obtained (HYALASTINE + HYALECTIN fractions) has an average molecular weight of between 
250,000 and 350.000. 
s The yield of HY is equal to 0.6% of original fresh tissue. 

Example 37 - Method for obtaining the fraction Hyalastine from the mixture obtained by the method described in 
Example 36. 

10 The mixture obtained by the method described in Example 36 is dissolved in apyrogenic distilled water in a measure 

of 10 mg of product per 1 ml of water. The solution obtained is exposed to molecular filtration through filtre membranes 
with a molecular exclusion limit of 200,000, using a concentration technique without the addition of water on top of the 
membrane. During the ultrafiltration process through membranes with a molecular exclusion limit of 200,000, the mol- 
ecules with a molecular weight of over 200,000 cannot pass, while the smaller molecules pass through the membrane 

'5 together with the water. During the filtration procedure no water is added on top of the membrane; so that the volume 
diminishes, and consequently the concentration of molecules with a molecular weight of over 200,000 increases. Ul- 
trafiltration is continued until the volume on top of the membrane is reduced to i 0% of the initial volume. Two volumes 
of apyrogenic distilled water are added and it is again ultrafiltered until the volume is reduced to 1/3 of the original. The 
operation is repeated twice more. The solution passed through the membrane is brought to 0. 1 M with sodium chloride 

20 and is then precipitated with 4 volumes of 95% ethanol. The precipitate is washed 3 times with 75% ethanol and then 
vacuum dried. 

The product thus obtained (HYALASTINE fraction) has an average molecular weight of between 50,000 and 
100,000. 

The yield of HY is equal to 0.4% of the original starting fresh tissue. 

25 

Example 38 - Method for obtaining the Hyalectin fraction 

The concentrated solution gathered in the container on top of the ultrafiltration membrane with a molecular exclu- 
sion limit of 200,000 as in Example 37, is diluted with water until a solution containing 5 mg/ml of hyaluronic acid is 
30 obtained, as determined by quantitative analysis based on the dosage of glucuronic acid. 

The solution is brought to 0,1 M in sodium chloride and then precipitated with 4 volumes of 95% ethanol. The 
precipitate is washed 3 times with 75% ethanol and then vacuum dried. 

The product thus obtained (HYALECTIN fraction) has a molecular weight of between 500,000 and 730,000. This 
corresponds to a specific hyaluronic acid fraction with a molcular chain measuring between about 2,500 and 3,500 
35 saccharide units and with a high degree of purity. The yield of HY is equal to 0.2% of original fresh starting tissue. 

Example 39 - Preparation of films of cross-linked derivatives of hyaluronic acid (HY) and partially esterified with various 
alcohols 

40 The DMSO solutions, after addition of all the ingredients and after homogenization obtained as in Examples 6-1 5, 

1 9-28 and 35, are layered in glass dishes to the desired thickness and in an atmosphere of nitrogen, in absolutely dry 
conditions and away from light for 24 hr. 

The films of cross-linked and esterified hyaluronic derivatives thus obtained and in which are also present tetrabuty- 
lammonium carboxy groups are dialyzed first in NaC1 1% and then in distilled H 2 Oat 4°C, the solutions being changed 
45 periodically. The films containing sodium salts of the above cross-linked derivatives are then placed between two 
cellophane membranes and vacuum dried at 37° in a slab dryer. 

Medical Products and Pharmaceutical Preparations 

so The pharmaceutical preparations containing the new cross-linked derivatives of the present invention and their 

salts as active principle, both in the case of cross-linked derivatives possibly further esterified and/or salified with 
therapeutically active alcohols and intended for the same indications as HY itself, and in the case of esters with ther- 
apeutically active alcohols intended for use in indications corresponding to such alcohols, contain the common excip- 
ients and may be destined for oral, rectal, parenteral, subcutaneous, local, intradermal or topical use. They are therefore 

55 in solid or semisolid form, for example, pills, tablets, gelatinous capsules, capsules, suppositories, soft gelatin capsules. 
For parenteral and subcutaneous uses., it is possible to use forms intended for intramuscular or intradermal adminis- 
tration, or suitable for infusion or intravenous injections. It is, therefore, possible to present active compounds as so- 
lutions or as freeze-dried powders active compounds to be pooled with one or more excipients or diluents which are 
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pharmaceutical^ acceptable, and convenient for the above uses and with a type of osmolality suitable tor physiological 
liquids. For local use, preparations in spray form should be considered, for example nasal sprays, creams or ointments 
for topical use of plasters suitably prepared for intradermal administration. 

The preparations of the invention may be destined for administration to man or animal. They contain preferably 

s between 0.01 % and 1 0% of active component for solutions, sprays, ointments and creams and between 1% and 100% 
and preferably between 5% and 50% of the active compound for preparations in solid form. The dosage to be admin- 
istered depends on the indication, on the desired effect and on the chosen administration route. The daily dosage of 
such preparations may be deduced from that in use for the corresponding known preparations both of hyaluronic acid 
for the corresponding cures, for example for the cure of arthritis, for example in man or in horse, and of therapeutically 

10 active alcohol the action of which is to be exploited. Thus, for example, the dosage of a hyaluronic ester with cortisone 
may be derived from its content in this ester and from its usual dosage in the known pharmaceutical preparations. 

In cosmetic articles, the new cross-linked derivatives of the present invention and their salts are mixed with the 
excipients commonly used in this art and are for example those already listed above for pharmaceutical preparations. 
Above all, creams, ointments, lotions for topical use are used in which the new cross-linked derivatives of the present 

is invention may constitute the active cosmetic principle possibly with the addition of other cosmetically active principles, 
such as steroids, for example pregnenolone, or one of the principles reported above. In these preparations, the new 
cross-linked derivatives of the present invention are preferably esters with an alcohol without any cosmetic action, 
such as a lower aliphatic alcohol, for example one of those already mentioned. In these preparations the effect is due 
to the intrinsic cosmetic properties of the polysaccharide component, as in the case of free hyaluronic acid or its salts. 

20 The cosmetic articles may, however, be based on substances with specific actions which differ from those of hy- 

aluronic acid, for example disinfectants, sunshields, waterproofing or regenerating substances, or anti-wrinkle or odor- 
iferous substances, especially perfumes. In this case the new cross-linked derivatives of the present invention may 
again be themselves the active ingredient and derive from alcohols with these properties, for example from higher 
aliphatic alcohols or terpene alcohols in the case of perfumes or may function above all as vehicles for substances 

25 with those properties with which they are associated. Particularly important, therefore, are cosmetic compositions sim- 
ilar to the medicaments described above in which the pharmaceutical^ active component is substituted by a cosme- 
tological factor and the respective salts. 

The use of the above esters deriving from the alcohols used in the perfume industry represents an important step 
forward in technique, since it allows for a slow, constant and prolonged release of the odorous principles. 

30 One important application of the present invention regards the sanitary and surgical articles already described 

above, the methods for their manufacture and use. The invention therefore includes all the articles similar to those 
already on the market containing hyaluronic acid but also containing the new cross-linked derivatives of the present 
invention in place of the free acid or one of its salts, for example inserts or ophthalmic lenses. 

Completely new surgical and sanitary articles according to the present invention are represented by the new cross- 
es linked derivatives of the present invention regenerated as such by appropriate organic solutions capable of being made 
into sheet or thread form, thus obtaining films, sheets and threads for use in surgery, as auxiliaries and substitutes of 
the skin in cases of serious damage to this organ, for example following burns, or as suture threads in surgery. The 
invention includes in particular these uses and one preparation procedure of these articles consists in (a) forming a 
solution of a hyaluronic ester or one of its salts in a suitable organic solvent, for example a ketone, an ester or an 

40 aprotic solvent such as a carboxy acid amide, especially a dialkylamide of an aliphatic acid having between 1 and 5 
carbon atoms and deriving from alky I groups with between 1 and 6 carbon atoms, first and foremost from an organic 
sulfoxide, that is, a dialkylsuffoxide with alkyl groups with a maximum of 6 carbon atoms, such as especially dimethyl- 
sulfoxide or diethylsulfoxide and again first and foremost by a fluorinated solvent with a low boiling point such as 
especially hexafluoroisopropanol, (b) making this solution into sheet or thread form and (c) removing the organic solvent 

45 by contact with another organic or aqueous solvent which can be mixed with the first solvent and in which the hyaluronic 
ester is not soluble, especially a lower aliphatic alcohol, for example ethyl alcohol (Wet spinning), or if a solvent with 
a not too high boiling point has been used to prepare the solution of the hyaluronic derivative, in removing this solvent 
with a current of gas and especially suitably heated nitrogen (Dry spinning). It is also possible to use to great advantage 
the system of Dry-wet spinning. 

50 The threads obtained with the new cross-linked derivatives of the present invention may be used for the preparation 

of lints for use in the medication of wounds and in surgery. The use of such lints has the exceptional advantage of their 
biodegradation in the organism, effected by the enzymes it contains. These enzymes split the ester in hyaluronic acid 
and in the corresponding alcohol and in a compound already present in the organism, or rather, an innocuous compound 
such as an alcohol. Such lints and also the above threads may also therefore be left inside the organism after surgery, 

55 since these are subsequently slowly absorbed due to the above degradation process. 

In the preparation of the sanitary and surgical articles mentioned above, it is convenient to add plasticizing materials 
to enhance their mechanical characteristics, such as in case of threads, to improve their resistance to tangling. These 
plasticizers may be for example alkaline salts of fatty acids, for example sodium stearate or sodium palmitate, the 
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esters of organic acids with many carbon atoms, etc. 

Another application of the new-cross-linked derivatives of the present invention where their biodegradable qualities 
are utilized by the esterases present in the organism, is represented by the preparation of capsules for subcutaneous 
implantation of medicaments or of microcapsules for injection, for example by subcutaneous and intramuscular route. 

s For the application of subcutaneous medicaments for slow release and consequently a "retard" action, capsules made 
of silicone material have been used until today, with the disadvantage that such capsules are liable to migrate within 
the organism and it is impossible to recover them. Obviously, with the new cross-linked derivatives of the present 
invention this danger no longer exists. Of great importance also is the preparation of microcapsules containing the new 
cross-linked derivatives of the present invention, avoiding the problems usually connected with their use, until now 

io quite limited for the reasons mentioned above. This preparation opens up a whole new area of applications where a 
"retard" effect by injection is to be obtained. 

A further application of the new cross-linked derivatives of the present invention in the field of medicine and surgery 
is represented by the preparation of various solid inserts such as plates, discs, sheets, etc. substituting the metallic 
ones those containing synthetic plastic material currently in use, in cases involving inserts intended for removal after 

*s a certain length of time. Preparations containing animal collagen, being of a proteic nature, often provoke unpleasant 
reactions, such as inflammation or rejection. In the case of the new cross-linked derivatives of the present invention; 
even though they originate from animal and not human hyaluronic acid, this danger does not exist, since there is no 
incompatibility between the polysaccharides of various animal species. 

Another use is for the correction of defects and the augmentation of soft tissues, A need has been felt for some 

20 time for safe and efficient biomaterials with which to substitute soft tissues which have been removed or damaged. 
Many alloplasty materials including paraffin, teflon paste, silicone and bovine collagene have been used to substitute 
for lost soft tissue. However, these materials were associated with undesirable and permanent changes in the skin 
tissues, with migration in situ and with negative reactions. The need persists therefore for a versatile biomaterial for 
use in medicine. The new cross-linked derivatives of the present invention may be safely and effectively used to correct 

25 such defects of the soft tissues such as acne pimples, postsurgical atrophic irregularities, Moris' chemosurgery, lacer- 
ated lip wounds and wrinkles caused by age. 

Also included in the applications in the field of medicine and surgery of the new cross-linked derivatives of the 
present invention, are preparations made of expansive material, especially in the form of sponges, for the medication 
of wounds or lesions of various nature. 

30 

Claims 



3$ Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Total or partial cross-linked non-toxic esters of hyaluronic acid with an aliphatic polyhydric alcohol having between 
2 and 16 carbon atoms, and salts of such partial esters with inorganic or organic bases, wherein the cross-linking 
bonds are only between carboxy groups of the hyaluronic acid, with the proviso that said cross-linked ester is not 

40 the cross-linked ester of hyaluronic acid with a halomethyloxirane or a bisepoxy compound. 

2. Cross-linked esters according to claim 1 , wherein said aliphatic polyhydric alcohol is a dihydric alcohol. 

3. Cross-linked esters according to claim 2, wherein said dihydric alcohol is a member selected from the group con- 
45 sisting of ethylene glycol, propylene glycol, butylene glycol, glycols derived from pentane, hexane, heptane and 

octane, and positional isomers thereof. 

4. Cross-linked esters according to claim 1 , wherein said aliphatic polyhydric alcohol is a member selected from the 
group consisting of glycerine, erythrite and pentaerythrite. 

so 

5. Cross-linked esters according to any one of claims 1-4, wherein at least one non-cross-linked carboxy group in 
said hyaluronic acid is esterified with an aliphatic alcohol having a maximum of 34 carbon atoms and wherein said 
aliphatic alcohol may be unsubstituted or substituted by one or two functional groups selected from the group 
consisting of amino, hydroxy, mercapto, aldehyde, keto, carboxy, hydrocarbyl and dihydrocarby (amino groups, 

55 ether, ester, thioether, thioester, acetal, ketal, carbalkoxy, carbamidic and substituted carbamidic groups substituted 

by one or two alkyl groups, the hydrocarbyl radicals in these functionally modified groups having a maximum of 6 
carbon atoms, and in which such aliphatic alcohols may be interrupted in the carbon atom chain by heteroatoms 
selected from the group consisting of oxygen, sulphur and nitrogen. 
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6. Cross-linked esters according to claim 5, wherein said aliphatic alcohol is ethyl, propyl, isopropyl, n-butyl, isobutyl, 
tert-butyl alcohols, an amyl, pentyl, hexyl or octyl alcohol, 

7. Cross-linked esters according to any one of claims 1-4, wherein at least one non-cross-linked carboxy group in 
s said hyaluronic acid is esterified with an araliphatic alcohol having only one benzene residue and in which the 

aliphatic chain has a maximum of 4 carbon atoms and in which the benzene residue may be substituted with 
between 1 and 3 methyl or hydroxy groups or with halogen atoms, and in which the aliphatic chain may be sub- 
stituted with one or two functional groups selected from the group consisting of free- or mono- or diethyl amino 
groups, pyrrolidine and piperidine groups. 

10 

8. Cross-linked esters according to any one of claims 1-4, wherein at least one non-cross-linked carboxy group in 
said hyaluronic acid is esterified with a cycloaliphatic alcohol or aliphatic-cycloaliphatic alcohol or heterocyclic 
alcohol which derives from a mono- or polycyclic carbohydrate with a maximum of 34 carbon atoms and is unsub- 
stituted or substituted by one or more functional groups selected from the group consisting of amino, hydroxy, 

15 mercapto, aldehyde, keto, carboxy, hydrocarbyl- and dihydrocarbylamino groups, ether, ester, thioether, thioester, 

acetal, ketal, carbalkoxy, carbamidic and substituted carbamidic groups, by one or two alkyl groups, the hydrocarbyl 
radicals in these functionally modified groups having a maximum of 6 carbon atoms, and may be interrupted in 
the carbon atom chain by heteroatoms chosen from the group formed by oxygen, nitrogen and sulfur, and may 
have one or more aromatic bonds. 

20 

9. Cross-linked esters according to claim 8, wherein at least one of said non-cross-linked carboxy groups is esterified 
with an alcohol selected from the group consisting of cortisone, hydrocortisone, prednisone, prednisolone, fluor- 
ocortisone, dexamethasone, betamethasone, corticosterone, deoxysicorticosterone, paramethasone, flumetha- 
sone, flucinolone and its acetonide, fluprednylidene, clobetasol and beclomethasone. 

25 

10. Salts of partial esters according to any one of claims 1-9, wherein said salt is a salt of said cross-linked ester with 
an alkaline or alkaline earth metal, magnesium or aluminum. 

11. A sodium or ammonium salt of a cross-linked ester according to claim 10. 

30 

12. Salts of partial esters according to one of claims 1- 9 deriving from ammonium, araliphatic, cycloaliphatic or het- 
erocyclic groups. 

13. A pharmaceutical composition comprising a cross-linked ester according to any one of claims 1-12 together with 
35 a pharmaceutical^ acceptable carrier, excipient or diluent. 

14. A pharmaceutical composition comprising a cross-linked ester according to any one of claims 1-12 as a vehicle, 
in admixture with a pharmacologically active agent. 

40 15. A pharmaceutical composition comprising a cross-linked ester according to any one of claims 7-12, wherein said 
alcohol esterified with said non-cross- linked carboxy group is a pharmacologically active alcohol. 

16. A cosmetic article comprising as an active ingredient a cross-linked ester or a salt thereof according to any one 
of claims 1-12. 

45 

17. A cosmetic article comprising as a cosmetic vehicle a cross-linked ester or a salt thereof according to any one of 
claims 1-12. 

18. A sanitary, medical or surgical article comprising a cross-linked ester or a salt thereof according to any one of 
so claims 1-12. 

19. A sanitary, medical or surgical article according to claim 18, comprising a film of a cross-linked ester deriving from 
a therapeutically inert alcohol. 

55 20. A sanitary, medical or surgical article according to claim 18 comprising threads of a cross-linked ester deriving 
from a therapeutically inert alcohol. 

21 . A capsule or microcapsule for medicaments comprising a cross-linked ester or a salt thereof according to any one 



25 



# 



20 



25 



EP 0 265 116 B1 

of claims 1-12. 

22. The use of a cross-linked ester or a salt thereof according to any one of claims 1 -12 for the manufacture of a film 
for use in dermatology as artificial skin. 

5 

23. The use of a cross-linked ester or a salt thereof according to any one of claims 1 -1 2 for the manufacture of suture 
threads for use in surgical operations. 

24. A process for the preparation of total or partial cross-linked esters of hyaluronic acid according to claim 1 comprising 
10 reacting a potassium or sodium or quaternary ammonium salt of hyaluronic acid with an etherifying agent in an 

aprotic solvent. 

25. A process according to claim 24, wherein said salt of hyaluronic acid is a potassium or sodium salt and said reaction 
is conducted in the presence of a catalyzing quantity of a quaternary ammonium salt. 

15 

26. A process according to claim 25, wherein said quaternary ammonium salt is tetrabutyl ammonium iodide. 

27. A process according to any one of claims 24-26, wherein said aprotic solvent is a dialkylsulfoxide, a dialkylcarbox- 
ylamide, a lower alkyl dialkylamide of lower aliphatic acids. 

28. A process according to any one of claims24-27, wherein said etherifying agent is an alkyl halogenide of an aliphatic 
polyhydric alcohol. 

29. A process according to claim 28, wherein said aliphatic polyvalent alcohol is a bivalent alcohol. 

30. A process according to claim 28, wherein said aliphatic polyvalent alcohol is a member selected from the group 
consisting of ethylene glycol, propylene glycol, butylene glycol, glycols derived from pentane, hexane, heptane 
and octane, and positional isomers thereof, glycerine, erythrite and pentaerythrite. 

30 31 . A process according to any one of claims 24-30, wherein the non-cross-linked carboxy groups of said partial cross- 
linked ester of hyaluronic acid are esterified with an aliphatic, araliphatic or cycloaliphatic alcohol. 

32. A process according to claim 31, wherein said alcohol esterified with said non-cross-linked carboxy groups is a 
pharmacologically active alcohol. 

35 

33. A process according to any one of claims 24-32, wherein said partial cross-linked ester having at least one free 
carboxy group is salified with an alkaline or alkaline earth metal, magnesium or ammonium. 

34. A process according to any one of claims 24-33, wherein said hyaluronic acid is a hyaluronic acid fraction having 
40 an average molecular weight of between 50,000 to 730,000 and is substantially free of hyaluronic acid having an 

average molecular weight of less than 30,000. 

35. A process according to claim 34, wherein said hyaluronic acid fraction has an average molecular weight of 50,000 
to 100,000, 250,000 to 350,000 or 500,000 to 730,000. 

45 

Claims for the following Contracting State : ES 

1. A process for the preparation of total or partial cross-linked non-toxic esters of hyaluronic acid with an aliphatic 
so polyhydric alcohol having between 2 and 1 6 carbon atoms, and salts of such partial esters with inorganic or organic 

bases, which comprises forming said esters wherein the cross-linking bonds are only between carboxy groups of 
the hyaluronic acid, with the proviso that said cross-linked ester is not the cross-linked ester of hyaluronic acid 
with a halomethyloxirane or a bisepoxy compound. 

55 2. A process according to claim 1 , wherein said aliphatic polyhydric alcohol is a dihydric alcohol. 

3. A process according to claim 2, wherein said dihydric alcohol is a member selected from the group consisting of 
ethylene glycol, propylene glycol, butylene glycol, glycols derived from pentane, hexane, heptane and octane, and 
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positional isomers thereof. 

4. A process according to claim 1 , wherein said aliphatic polyhydric alcohol is a member selected from the group 
consisting of glycerine, erythrite and pentaerythrite. 

s 

5. A process according to any one of claims 1-4, wherein at least one non -cross-linked carboxy group in said hy- 
aluronic acid is esterified with an aliphatic alcohol having a maximum of 34 carbon atoms and wherein said aliphatic 
alcohol may be unsubstituted or substituted by one or two functional groups selected from the group consisting of 
amino, hydroxy, mercapto, aldehyde, keto, carboxy, hydrocarbyl and dihydrocarbylamino groups, ether, ester, 

10 thioether, thioester, acetal, ketal, carbalkoxy, carbamidic and substituted carbamidic groups substituted by one or 

two alkyl groups, the hydrocarbyl radicals in these functionally modified groups having a maximum of 6 carbon 
atoms, and in which such aliphatic alcohols may be interrupted in the carbon atom chain by heteroatoms selected 
from the group consisting of oxygen, sulphur and nitrogen. 

J5 6. A process according to claim 5, wherein said aliphatic alcohol is ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl 
alcohols, an amyl, pentyl, hexyl or octyl alcohol. 

7. A process according to any one of claims 1-4, wherein at least one non -cross-linked carboxy group in said hy- 
aluronic acid is esterified with an araliphatic alcohol having only one benzene residue and in which the aliphatic 
20 chain has a maximum of 4 carbon atoms and in which the benzene residue may be substituted with between 1 

and 3 methyl or hydroxy groups or with halogen atoms, and in which the aliphatic chain may be substituted with 
one or two functional groups selected from the group consisting of free- or mono- or diethyl amino groups, pyrro- 
lidine and piperidine groups. 

25 8. A process according to any one of claims 1-4, wherein at least one non-cross-linked carboxy group in said hy- 
aluronic acid is esterified with a cycloaliphatic alcohol or aliphatic-cycloaliphatic alcohol or heterocyclic alcohol 
which derives from a mono- or polycyclic carbohydrate with a maximum of 34 carbon atoms and is unsubstituted 
or substituted by one or more functional groups selected from the group consisting of amino, hydroxy, mercapto, 
aldehyde, keto, carboxy, hydrocarbyl- and dihydrocarbylamino groups, ether, ester, thioether, thioester, acetal, 

30 ketal, carbalkoxy, carbamidic and substituted carbamidic groups, by one or two alkyl groups, the hydrocarbyl rad- 

icals in these functionally modified groups having a maximum of 6 carbon atoms, and may be interrupted in the 
carbon atom chain by heteroatoms chosen from the group formed by oxygen, nitrogen and sulfur, and may have 
one or more aromatic bonds. 

35 9. A process according to claim 8, wherein at least one of said non-cross-linked carboxy groups is esterified with an 
alcohol selected from the group consisting of cortisone, hydrocortisone, prednisone, prednisolone, fluorocortisone, 
dexamethasone, betamethasone, corticosterone, deoxysicorticosterone, paramethasone, flumethasone, fluci- 
nolone and its acetonide, fluprednylidene, clobetasol and beclomethasone. 

40 1 0. A process according to any one of claims 1 - 9, wherein said salt is a salt of said cross-linked ester with an alkaline 
or alkaline earth metal, magnesium or aluminum. 

11. A process according to claim 10 wherein said salt is a sodium or ammonium salt of a cross-linked ester. 

45 12. A process according to one of claims 1-9 wherein said salts are salts of partial esters deriving from ammonium, 
araliphatic, cycloaliphatic or heterocyclic groups. 

13. Use of a composition comprising a cross-linked ester according to any one of claims 1-12 together with a phar- 
maceutical^ acceptable carrier, excipient or diluent as a pharmaceutical. 

so 

1 4. Use of a composition comprising a cross-linked ester according to any one of claims 1 -1 2 as a vehicle, in admixture 
with a pharmacologically active agent. 

15. Use of a composition comprising a cross-linked ester according to any one of claims 7-12 as a pharmaceutical, 
55 wherein said alcohol esterified with said non-cross-l inked carboxy group-is a pharmacologically active alcohol. 

16. A cosmetic article comprising as an active ingredient a cross-linked ester or a salt thereof according to any one 
of claims 1-12. 
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17. A cosmetic article comprising as a cosmetic vehicle a cross-linked ester or a salt thereof according to any one of 
claims 1-12. 

18. A sanitary, medical or surgical article comprising a cross-linked ester or a salt thereof according to any one of 
s claims 1-12. 

19. A sanitary, medical or surgical article according to claim 18, comprising a film of a cross-linked ester deriving from 
a therapeutically inert alcohol. 

10 20. A sanitary, medical or surgical article according to claim 18 comprising threads of a cross-linked ester deriving 
from a therapeutically inert alcohol. 

21 . Use of a cross-linked ester or a salt thereof according to any one of claims 1 -1 2, as a capsule or microcapsule for 
medicaments. 

15 

22. The use of a cross-linked ester or a salt thereof according to any one of claims 1 -12 for the manufacture of a film 
for use in dermatology as artificial skin. 

23. The use of a cross-linked ester or a salt thereof according to any one of claims 1 -1 2 for the manufacture of suture 
20 threads for use in surgical operations. 

24. A process for the preparation of total or partial cross-linked esters of hyaluronic acid according to claim 1 comprising 
reacting a potassium or sodium or quaternary ammonium salt of hyaluronic acid with an etherifying agent in an 
aprotic solvent. 

25 

25. A process according to claim 24, wherein said salt of hyaluronic acid is a potassium or sodium salt and said reaction 
is conducted in the presence of a catalyzing quantity of a quaternary ammonium salt. 

26. A process according to claim 25, wherein said quaternary ammonium salt is tetrabutyl ammonium iodide. 

30 

27. A process according to any one of claims 24-26, wherein said aprotic solvent is a dialkylsulfoxide, a dialkylcarbox- 
ylamide, a lower alkyl dialkylamide of lower aliphatic acids. 

28. A process according to any one of claims 24-27, wherein said etherifying agent is an alkyl halogenide of an aliphatic 
35 polyhydric alcohol. 

29. A process according to claim 28, wherein said aliphatic polyvalent alcohol is a bivalent alcohol. 

30. A process according to claim 28, wherein said aliphatic polyvalent alcohol is a member selected from the group 
40 consisting of ethylene glycol, propylene glycol, butylene glycol, glycols derived from pentane, hexane, heptane 

and octane, and positional isomers thereof, glycerine, erythrite and pentaerythrite. 

31 . A process according to any one of claims 24-30, wherein the non-cross-linked carboxy groups of said partial cross- 
linked ester of hyaluronic acid are esterified with an aliphatic, araliphatic or cycloaliphatic alcohol. 

45 

32. A process according to claim 31, wherein said alcohol esterified with said non-cross-linked carboxy groups is a 
pharmacologically active alcohol. 

33. A process according to any one of claims 24-32, wherein said partial cross-linked ester having at least one free 
so carboxy group is salified with an alkaline or alkaline earth metal, magnesium or ammonium. 

34. A process according to any one of claims 24-33, wherein said hyaluronic acid is a hyaluronic acid fraction having 
an average molecular weight of between 50,000 to 730,000 and is substantially free of hyaluronic acid having an 
average molecular weight of less than 30,000. 



55 



35. A process according to claim 34* wherein said hyaluronic acid fraction has an average molecular weight of 50,000 
to 100,000, 250,000 to 350,000 or 500,000 to 730,000. 
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Claims for the following C ntractlng State : GR 

1 . Total or partial cross-linked non-toxic esters of hyaluronic acid with an aliphatic polyhydric alcohol having between 
2 and 16 carbon atoms, and salts of such partial esters with inorganic or organic bases, wherein the cross-linking 

5 bonds are only between carboxy groups of the hyaluronic acid, with the proviso that said cross-linked ester is not 

the cross-linked ester of hyaluronic acid with a halomethyloxirane or a bisepoxy compound. 

2. Cross-linked esters according to claim 1 , wherein said aliphatic polyhydric alcohol is a dihydric alcohol. 

10 3. Cross-linked esters according to claim 2, wherein said dihydric alcohol is a member selected from the group con- 
sisting of ethylene glycol, propylene glycol, butylene glycol, glycols derived from pentane, hexane, heptane and 
octane, and positional isomers thereof. 

4. Cross-linked esters according to claim 1 , wherein said aliphatic polyhydric alcohol is a member selected from the 
is group consisting of glycerine, erythrite and pentaerythrite. 

5. Cross-linked esters according to any one of claims 1-4, wherein at least one non<;ross-linked carboxy group in 
said hyaluronic acid is esterified with an aliphatic alcohol having a maximum of 34 carbon atoms and wherein said 
aliphatic alcohol may be unsubstituted or substituted by one or two functional groups selected from the group 

20 consisting of amino, hydroxy, meccapto, aldehyde, keto, carboxy, hydrocarbyl and dihydrocarbylamino groups, 

ether, ester, thioether, thioester, acetal, ketal, carbalkoxy, carbarn idic and substituted carbamidic groups substituted 
by one or two alkyl groups, the hydrocarbyl radicals in these functionally modified groups having a maximum of 6 
carbon atoms, and in which such aliphatic alcohols may be interrupted in the carbon atom chain by heteroatoms 
selected from the group consisting of oxygen, sulphur and nitrogen. 

25 

6. Cross-linked esters according to claim 5, wherein said aliphatic alcohol is ethyl, propyl, isopropyl, n-butyl, isobutyl, 
tert-butyl alcohols, an amyl, pentyl, hexyl or octyl alcohol. 

7. Cross-linked esters according to any one of claims 1 -4, wherein at least one non-cross-linked carboxy group in 
30 said hyaluronic acid is esterified with an araliphatic alcohol having only one benzene residue and in which the 

aliphatic chain has a maximum of 4 carbon atoms and in which the benzene residue may be substituted with 
between 1 and 3 methyl or hydroxy groups or with halogen atoms, and in which the aliphatic chain may be sub- 
stituted with one or two functional groups selected from the group consisting of free- or mono- or diethyl amino 
groups, pyrrolidine and piperidine groups. 

35 

8. Cross-linked esters according to any one of claims 1 -4, wherein at least one non-cross-linked carboxy group in 
said hyaluronic acid is esterified with a cycloaliphatic alcohol or aliphatic-cycloaliphatic alcohol or heterocyclic 
alcohol which derives from a mono- or polycyclic carbohydrate with a maximum of 34 carbon atoms and is unsub- 
stituted or substituted by one or more functional groups selected from the group consisting of amino, hydroxy, 

40 mercapto, aldehyde, keto, carboxy, hydrocarbyl- and dihydrocarbylamino groups, ether, ester, thioether, thioester, 

acetal, ketal, carbalkoxy, carbamidic and substituted carbamidic groups, by one or two alkyl groups, the hydrocarbyl 
radicals in these functionally modified groups having a maximum of 6 carbon atoms, and may be interrupted in 
the carbon atom chain by heteroatoms chosen from the group formed by oxygen, nitrogen and sulfur, and may 
have one or more aromatic bonds. 

45 

9. Cross-linked esters according to claim 8, wherein at least one of said non-cross-linked carboxy groups is esterified 
with an alcohol selected from the group consisting of cortisone, hydrocortisone, prednisone, prednisolone, fluor- 
ocortisone, dexamethasone, betamethasone, corticosterone, deoxysicorticosterone, paramethasone, flumetha- 
sone, flucinolone and its acetonide, fluprednylidene, clobetasol and beclomethasone. 

50 

10. Salts of partial esters according to any one of claims 1 - 9, wherein said salt is a salt of said cross-linked ester with 
an alkaline or alkaline earth metal, magnesium or aluminum. 

11. A sodium or ammonium salt of a cross-linked ester according to claim 10. 

55 

12. Salts of partial esters according to one of claims 1 - 9 deriving from ammonium, araiiphatic, cycloaliphatic or het- 
erocyclic groups. 
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13. Use of a composition comprising a cross-linked ester according to any one of claims 1 -1 2 together with a phar- 
maceutical^ acceptable carrier, excipient or diluent for the preparation of a pharmaceutical. 

1 4. Use of a composition comprising a cross-linked ester according to any one of claims 1 -1 2 as a vehicle, in admixture 
5 with a pharmacologically active agent. 

15. Use of a composition comprising a cross-linked ester according to any one of claims 7-1 2 for the preparation of a 
pharmaceutical, wherein said alcohol esterified with said non-cross-linked carboxy group is a pharmacologically 
active alcohol. 

10 

16. A cosmetic article comprising as an active ingredient a cross-linked ester or a salt thereof according to any one 
of claims 1-12. 

17. A cosmetic article comprising as a cosmetic vehicle a cross-linked ester or a salt thereof according to any one of 
is claims 1-12. 

18. A sanitary, medical or surgical article comprising a cross-linked ester or a salt thereof according to any one of 

claims 1-1-2. 

20 19. A sanitary, medical or surgical article according to claim 18, comprising a film of a cross-linked ester deriving from 
a therapeutically inert alcohol. 

20. A sanitary, medical or surgical article according to claim 18 comprising threads of a cross-linked ester deriving 
from a therapeutically inert alcohol. 

25 

21 . Use of a cross-linked ester or a salt thereof according to any one of claims 1 -1 2, as a capsule or microcapsule for 
medicaments. 

22. The use of a cross-linked ester or a salt thereof according to any one of claims 1-12 for the manufacture of a film 
30 for use in dermatology as artificial skin. 

23. The use of a cross-linked ester or a salt thereof according to any one of claims 1 -12 for the manufacture of suture 
threads for use in surgical operations. 

35 24. . A process for the preparation of total or partial cross-linked esters of hyaluronic acid according to claim 1 comprising 
reacting a potassium or sodium or quaternary ammonium salt of hyaluronic acid with an etherifying agent in an 
aprotic solvent. 

25. A process according to claim 24, wherein said salt of hyaluronic acid is a potassium or sodium salt and said reaction 
40 is conducted in the presence of a catalyzing quantity of a quaternary ammonium salt. 

26. A process according to claim 25, wherein said quaternary ammonium salt is tetrabutyl ammonium iodide. 

27. A process according to any one of claims 24-26, wherein said aprotic solvent is a dial ky [sulfoxide, a dialkylcarbox- 
45 ylamide, a lower alkyl dialkylamide of lower aliphatic acids. 

28. A process according to any one of claims 24-27, wherein said etherifying agent is an alkyl halogenide of an aliphatic 
polyhydric alcohol. 

so 29. A process according to claim 28, wherein said aliphatic polyvalent alcohol is a bivalent alcohol. 

30. A process according to claim 28, wherein said aliphatic polyvalent alcohol is a member selected from the group 
consisting of ethylene glycol, propylene glycol, butylene glycol, glycols derived from pentane, hexane, heptane 
and octane, and positional isomers thereof, glycerine, erythrite and pentaerythrite. 

55 

31 . A process according to any one of claims 24-30, wherein the non-cross-linked carboxy groups of said partial cross- 
linked ester of hyaluronic acid are esterified with an aliphatic, araliphatic or cycloaliphatic alcohol. 
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32. A process according to claim 31, wherein said alcohol esterified with said non -cross-linked carboxy groups is a 
pharmacologically active alcohol. 

33. A process according to any one of claims 24-32, wherein said partial cross-linked ester having at least one free 
s carboxy group is salified with an alkaline or alkaline earth metal, magnesium or ammonium. 

34. A process according to any one of claims 24-33, wherein said hyaluronic acid is a hyaluronic acid fraction having 
an average molecular weight of between 50,000 to 730,000 and is substantially free of hyaluronic acid having an 
average molecular weight of less than 30,000. 

10 

35. A process according to claim 34, wherein said hyaluronic acid fraction has an average molecular weight of 50,000 
to 1 00,000, 250,000 to 350,000 or 500,000 to 730,000. 



is Patentanspruche 



Patentanspruche f Or folgsnds Veriragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

20 1. Vollstandige oder partielle vernetzte, nicht-toxische Ester von Hyaluronsaure mit einem aliphatischen, mehrwer- 
tigen Alkohol mit 2 bis 1 6 Kohlenstoffatomen und Salze dieser partiellen Ester mit anorganischen oder organ ischen 
Basen, wobei die vernetzenden Bindungen nur zwischen Carboxylgruppen der Hyaluronsaure bestehen, mit der 
MaBgabe, daB der vernetzte Ester nicht der vernetzte Ester von Hyaluronsaure mit einem Halogenmethyloxiran 
oder einer Bisepoxyverbindung ist. 

25 

2. Vernetzte Ester nach Anspruch 1 , wobei der aliphatische. mehrwertige Alkohol ein zweiwertiger Alkohol ist. 

3. Vernetzte Ester nach Anspruch 2, wobei der zweiwertige Alkohol ausgewahlt ist aus Ethylenglykol, Propylenglykol, 
Butylenglykol, von Pentan, Hexan, Heptan undOctan abgeleiteten Glykolen und Stellungsisomeren davon. 

30 

4. Vernetzte Ester nach Anspruch 1 , wobei der aliphatische, mehrwertige Alkohol ausgewahlt ist aus Glycerin, Erythrit 
und Pentaerythrit. 

5. Vernetzte Ester nach einem der Anspruche 1-4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der 
3$ Hyaluronsaure mit einem aliphatischen Alkohol mit maximal 34 Kohlenstoffatomen verestert ist, wobei der alipha- 
tische Alkohol nicht substituiert oder mit einer oder zwei funktionellen Gruppen substituiert sein kann, ausgewahlt 
aus Amino-, Hydroxy I-, Mercapto-, Aldehyd-, Keto-, Carboxylgruppen, Kohlenwasserstoff- und Dikohlenwasser- 
stoffaminoresten, Ether-, Ester-, Thioether-, Thioester-, Acetal-, Ketalgruppen, Carbalkoxyresten, Carbaminsaure- 
und mit einem Oder zwei Alkylresten substituierten Carbaminsauregruppen, wobei die Kohlenwasserstoff rest e in 

40 diesen funktionell modifizierten Resten maximal 6 Kohlenstoffatome aufweisen, und wobei diese aliphatischen 

Alkohole in der Kette der Kohlenstoffatome durch Heteroatome, ausgewahlt aus einem Sauerstoff-, Schwefel- und 
Stickstoffatom, unterbrochen sein konnen. 

6. Vernetzte Ester nach Anspruch 5, wobei der aliphatische Alkohol Ethyl-, Propyl-, Isopropyl-, n-Butyl-, Isobutyl-, 
45 tert-Butylalkohol, Amyl-, Pentyl-, Hexyl- Oder Octylalkohol ist. 

7. Vernetzte Ester nach einem der Anspruche 1 -4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der 
Hyaluronsaure mit einem araliphatischen Alkohol mit nur einer Benzolgruppe verestert ist, wobei die aliphatische 
Kette maximal 4 Kohlenstoffatome aufweist, und wobei die Benzolgruppe mit 1 bis 3 Methyl- oder Hydroxylgruppen 

so oder mit Halogenatomen substituiert sein kann, und wobei die aliphatische Kette mit einer oder zwei funktionellen 

Gruppen, ausgewahlt aus freien Aminogruppen oder Mono- oder Diethylaminogruppen, Pyrrolidin- und Piperidin- 
gruppen, substituiert sein kann. 

8. Vernetzte Ester nach einem der Anspruche 1 -4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der 
55 Hyaluronsaure mit einem cycioaliphatischen Alkohol oder aliphatischen-cycloaliphatischen Alkohol oder hetero- 

cyclischen Alkohol verestert ist, der sich von einem mono- oder polycycNschen Kohlenhydrai mit maximal 34 Koh- 
lenstoffatomen ableitet und nicht substituiert oder mit einer oder mehreren funktionellen Gruppen substituiert ist. 
ausgewahlt aus Amino-, Hydroxy I-, Mercapto-, Aldehyd-, Keto-, Carboxylgruppen, Kohlenwasserstoff- und Dikoh- 
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lenwasserstoffaminoresten, Ether-, Ester-, Thioether-, Thioester-, Acetal-, Ketalgruppen, Carbalkoxyresten, Carb- 
aminsaure- und mit einem oder zwei Alkylresten substituierten Carbaminsauregruppen, wobei die Kohlenwasser- 
stoffreste in diesen funktionell modifizierten Resten maximal 6 Kohlenstoffatome autweisen, in der Kette der Koh- 
lenstoffatome durch Heteroatome, ausgewahlt aus einem Sauerstoff-, Stickstoff- und Schwefelatom, unterbrochen 
5 sein konnen und eine oder mehrere aromatische Bindungen autweisen konnen. 

9. Vernetzte Ester nach Anspruch 8, wobei wenigstens eine der nicht-vernetzten Carboxylgruppen mit einem Alkohol 
verestert jet, ausgewahlt aus Cortison, Hydrocortison, Prednison, Prednisolon, Fluorcortison, Dexamethason, 
Betamethason, Corticosteron, Desoxysicorticosteron, Paramethason, Flumethason, Flucinolon und seinem Ace- 

10 tonid, Fluprednyliden, Clobetasol und Beclomethason . 

10. Salze partieller Ester nach einem der Anspruche 1-9, wobei das Salz ein Salz des vernetzten Esters mit einem 
Alkali- oder Erdalkalimetall, Magnesium oder Aluminium ist. 

?5 11. Natrium- oder Ammoniumsalz eines vernetzten Esters nach Anspruch 10. 

12. Salze partieller Ester nach einem der Anspruche 1-9, abgeleitet von einer Ammoniumgruppe, araiiphatischen, 
cycloaliphatischen oder heterocyclisehsn Rssten. 

so 13. Arzneimittel, umfassend einen vernetzten Ester nach einem der Anspruche 1-12 zusammen mit einem pharma- 
zeutisch vertraglichen Trager, Excipient oder Verdunnungsmittel. 

14. Arzneimittel. umfassend einen vernetzten Ester nach einem der Anspruche 1 -12 als Trager im Gemisch mit einem 
pharmakologischen Wirkstoff. 

25 

1 5. Arzneimittel, umfassend einen vernetzten Ester nach einem der Anspruche 7-12, wobei der mit der nicht-vernetzten 
Carboxylgruppe veresterte Alkohol ein pharmakologisch wirksamer Alkohol ist. 

16. Kosmetischer Artikel, umfassend ais Wirkstoff einen vernetzten Ester oder ein Salz davon nach einem der An- 
30 spruche1-12. 

17. Kosmetischer Artikel, umfassend als kosmetischen Trager einen vernetzten Ester oder ein Salz davon nach einem 
der Anspruche 1-12. 

35 18. Sanitarer. medizinischer oder chirurgischer Artikel, umfassend einen vernetzten Ester oder ein Salz davon nach 
einem der Anspruche 1-12. 

19. Sanitarer. medizinischer oder chirurgischer Artikel nach Anspruch 18, umfassend eine Folie eines vernetzten 
Esters, abgeleitet von einem therapeutisch inerten Alkohol. 

40 

20. Sanitarer, medizinischer oder chirurgischer Artikel nach Anspruch 18, umfassend Faden eines vernetzten Esters, 
abgeleitet von einem therapeutisch inerten Alkohol. 

21 . Kapsel oder Mikrokapsel fur Arzneimittel, umfassend einen vernetzten Ester oder ein Salz davon nach einem der 
45 Anspruche 1-12. 

22. Verwendung eines vernetzten Esters oder eines Salzes davon nach einem der Anspruche 1-12 zur Herstellung 
einer Folie zur Verwendung in der Dermatologie als kunstliche Haut. 

so 23. Verwendung eines vernetzten Esters oder eines Salzes davon nach einem der Anspruche 1-12 zur Herstellung 
von Nahtfaden zur Verwendung bei chirurgischen Operationen. 

24. Verfahren zur Herstellung von vollstandigen oder partiellen vernetzten Estern von Hyaluronsaure nach Anspruch 
1, umfassend das Umsetzen eines Kalium- oder Natrium- oder quartaren Ammoniumsalzes von Hyaluronsaure 

55 mit einem verethemden Mittel in einem aprotischen Ldsungsmittel. 

25. Verfahren nach Anspruch 24, wobei das Salz von Hyaluronsaure ein Kalium- oder Natriumsalz ist, und die Um- 
setzung in Gegenwart einer katalysierenden Menge eines quartaren Ammoniumsalzes durchgef uhrt wird. 
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26. Verfahren nach Anspruch 25, wobei das quartare Ammoniumsaiz Tetrabutylarnmoniumiodid ist. 

27. Verfahren nach einem der Anspruche 24-26, wobei das aprotische Losungsmittel ein Dialkylsulfoxid, ein Dialkyl- 
carboxylamid, ein Niederalkyldialkylamid niederaliphatischer Sauren ist. 

5 

28. Verfahren nach einem der Anspruche 24-27, wobei das verethernde Mittel ein Alkylhalogenid eines aliphatischen, 
mehrwertigen Alkohols ist. 

29. Verfahren nach Anspruch 28, wobei der aliphatische, mehrwertige Alkohol ein zweiwertiger Alkohol ist 

10 

30. Verfahren nach Anspruch 28, wobei der aliphatische, mehrwertige Alkohol ausgewahlt ist aus Ethylengiykol, Pro- 
pylenglykol, Butylenglykol, von Pentan, Hexan, Heptan und Octan abgeleiteten Glykolen und Stellungsisomeren 
davon, Glycerin, Erythrit und Pentaerythrit. 

is 31 . Verfahren nach einem der Anspruche 24-30, wobei die nicht-vernetzten Carboxylgruppen des partiellen vernetzten 
Esters von Hyaluronsaure mit einem aliphatischen, araliphatischen oder cycloaliphatischen Alkohol verestert sind. 

32. Verfahren nach Anspruch 31, wobei der mit den nicht-vernetzten Carboxylgruppen veresterte Alkohol ein phar- 
makologisch wirksamer Alkohol ist 

20 

33. Verfahren nach einem der Anspruche 24-32, wobei der partial! vernetzte Ester mit wenigstens einer freien Car- 
boxylgruppe mit einem Alkali- oder Erdalkalimetall, Magnesium oder Ammonium ein Salz bildet 

34. Verfahren nach einem der Anspruche 24-33, wobei die Hyaluronsaure eine Hyaluronsaurefraktion mit einem Mo- 
25 lekulargewichtsmittel von 50 000 bis 730 000 ist und weitgehend frei von Hyaluronsaure mit einem Molekularge- 

wichtsmittel von weniger als 30 000 ist 

35. Verfahren nach Anspruch 34, wobei die Hyaluronsaurefraktion ein Molekulargewichtsmittel von 50 000 bis 100 
000, 250 000 his 350 000 oder 500 000 bis 730 000 aufweist 

30 

Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung von vollstandigen oder partiellen vernetzten, nicht-toxischen Estern von Hyaluronsaure 
35 mit einem aliphatischen, mehrwertigen Alkohol mit 2 bis 16 Kohlenstoffatomen und Salzen dieser partiellen Ester 

mit anorganischen oder organischen Basen, das die Bildung der Ester umfaBt, wobei die vemetzenden Bindungen 
nur zwischen Carboxylgruppen der Hyaluronsaure bestehen, mit der MaGgabe, daB der vernetzte Ester nicht der 
vernetzte Ester von Hyaluronsaure mit einem Halogenmethyloxiran oder einer Bisepoxyverbindung ist. 

40 2. Verfahren nach Anspruch 1, wobei der aliphatische, mehrwertige Alkohol ein zweiwertiger Alkohol ist. 

3. Verfahren nach Anspruch 2, wobei der zweiwertige Alkohol ausgewahlt ist aus Ethylenglykol, Propylenglykol, Bu- 
tylenglykol, von Pentan. Hexan. Heptan und Octan abgeleiteten Glykolen und Stellungsisomeren davon. 

45 4. Verfahren nach Anspruch 1 , wobei der aliphatische, mehrwertige Alkohol ausgewahlt ist aus Glycerin, Erythrit und 
Pentaerythrit 

5. Verfahren nach einem der Anspruche 1-4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der Hyalu- 
ronsaure mit einem aliphatischen Alkohol mit maximal 34 Kohlenstoffatomen verestert ist, wobei der aliphatische 

50 Alkohol nicht substttuiert oder mit einer Oder zwei funktionellen Gruppen substituiert sein kann, ausgewahlt aus 

Amino-, Hydroxyl-, Mercapto-, Aldehyd-, Keto-, Carboxylgruppen, Kohlenwasserstoff- und Dikohlenwasserstoffa- 
minoresten, Ether-, Ester-, Thioether-, Thioester-, Acetal-, Ketalgruppen. Carbalkoxyresten, Carbaminsaure- und 
mit einem oder zwei Alkylresten substituierten Carbaminsauregruppen, wobei die Kohlenwasserstoffreste in die- 
sen funktionell modifizierten Resten maximal 6 Kohlenstoffatome aufweisen, und wobei diese aliphatischen Alko- 

55 hole in der Kette der Kohlenstoffatome durch Heteroatome, ausgewahlt aus einem Sauerstoff-, Schwefel- und 

Stickstoffatom. unterbrochen sein konnen. 

6. Verfahren nach Anspruch 5, wobei der aliphatische Alkohol Ethyl-, Propyl-, Isopropyl-, n-Butyl-, Isobutyl-, tert- 
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Butylalkohol, Amyh Pentyl-, Hexyl- Oder Octylalkohol ist. 

7. Verfahren nach einem der Anspruche 1-4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der Hyalu- 
ronsaure mit einem araliphatischen Alkohol mit nur einer Benzolgruppe verestert ist, wobei die aliphatische Kette 
s maximal 4 Kohlenstoffatome aufweist, und wobei die Benzolgruppe mit 1 bis 3 Methyl- oder Hydroxylgruppen Oder 

mit Halogenatomen substituiert sein kann. und wobei die aliphatische Kette mit einer oder zwei funktionellen Grup- 
pen, ausgewahlt aus freien Aminogruppen oder Mono- oder Diethylaminogruppen, Pyrrolidin- und Piperidingrup- 
pen, substituiert sein kann. 

10 8. Verfahren nach einem der Anspruche 1-4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der Hyalu- 
ronsaure mit einem cycloaliphatischen Alkohol oder aliphatischen-cycloaliphatischen Alkohol oder heterocycli- 
schen Alkohol verestert ist, der sich von einem mono- oder polycyclischen Kohlenhydrat mit maximal 34 Kohlen- 
stoffatomen ableitet und nicht substituiert oder mit einer oder mehreren funktionellen Gruppen substituiert ist, 
ausgewahlt aus Amino-, Hydroxyl-, Mercapto-, Aldehyd-, Keto-, Carboxylgruppen, Kohlenwasserstoff- und Dikoh- 

15 lenwasserstoffaminoresten, Ether-, Ester-, Thioether-, Thioester-, Acetal-, Ketalgruppen, Carbalkoxyresten, Carb- 

aminsaure- und mit einem oder zwei Alkylresten substituierten Carbaminsauregruppen, wobei die Kohlenwasser- 
stoffreste in djesen funktionel! modifizierten Rcsten maximal 6 Kohienstonatome aufweisen, in der Kette der Koh- 
lenstoffatome durch Heteroatome, ausgewahlt aus einem Sauerstoff-, Stickstoff- und Schwefelatom, unterbrochen 
sein konnen und eine Oder mehrere aromatische Bindungen aufweisen konnen. 

20 

9. Verfahren nach Anspruch 8. wobei wenigstens eine der nicht-vernetzten Carboxylgruppen mit einem Alkohol ve- 
restert ist, ausgewahlt aus Cortison, Hydrocortison, Prednison, Prednisolon, Fluorcortison, Dexamethason, Beta- 
methason, Corticosteron, Desoxysicorticosteron, Paramethason, Flumethason. Flucinolon und seinem Acetonid, 
Fluprednyliden, Clobetasol und Beclomethason. 

10. Verfahren nach einem der Anspruche 1-9, wobei das Salz ein Salz des vernetzten Esters mit einem Alkali- oder 
Erdalkalimetall. Magnesium oder Aluminium ist. 

11. Verfahren nach Anspruch 10, wobei das Salz ein Natrium- oder Ammoniumsalz eines vernetzten Esters ist. 

12. Verfahren nach einem der Anspruche 1-9, wobei die Salze Salze partieller Ester, abgeleitet von einer Ammoni- 
umgruppe, araliphatischen, cycloaliphatischen oder heterocyclischen Resten, sind. 

13. Verwendung einer Zusammensetzung, umfassend einen vernetzten Ester nach einem der Anspruche 1-12 zu- 
35 sammen mit einem pharmazeutisch vertraglichen Trager, Excipient oder Verdunnungsmittel, als Arzneimittel. 

14. Verwendung einer Zusammensetzung, umfassend einen vernetzten Ester nach einem der Anspruche 1-12 als 
Trager im Gemisch mit einem pharmakologischen Wirkstoff. 

40 15. Verwendung einer Zusammensetzung, umfassend einen vernetzten Ester nach einem der Anspruche 7-12 als 
Arzneimittel, wobei der mit der nicht-vernetzten Carboxylgruppe veresterte Alkohol ein pharmakologisch wirksamer 
Alkohol ist. 

16. Kosmetischer Artikel, umfassend als Wirkstoff einen vernetzten Ester oder ein Salz davon nach einem der An- 
45 sprOche 1-12. 

17. Kosmetischer Artikel, umfassend als kosmetischen Trager einen vernetzten Ester oder ein Salz davon nach einem 
der Anspruche 1-12. 

50 18. Sanitarer, medizinischer oder chirurgischer Artikel, umfassend einen vernetzten Ester oder ein Salz davon nach 
einem der Anspruche 1-12. 

19. Sanitarer, medizinischer oder chirurgischer Artikel nach Anspruch 18, umfassend eine Folie eines vernetzten 
Esters, abgeleitet von einem therapeutisch inerten Alkohol. 



25 
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20. Sanitarer, medizinischer oder chirurgischer Artikel nach Anspruch 16, umfassend Faden eines vernetzten Esters, 
abgeleitet von einem therapeutisch inerten Alkohol. 
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21. Verwendung eines vemetzten Esters Oder eines Salzes davon nach einem der Anspruche 1-12 als Kapsel oder 
Mikrokapsel fur Arzneimittel. 

22. Verwendung eines vemetzten Esters Oder eines Salzes davon nach einem der Anspruche 1-12 zur Herstellung 
einer Folie zur Verwendung in der Dermatologie als kunstliche Haut. 

23. Verwendung eines vemetzten Esters oder eines Salzes davon nach einem der Anspruche 1-12 zur Herstellung 
von Nahtfaden zur Verwendung bei chirurgischen Operationen. 

24. Verfahren zur Herstellung von vollstandigen oder partiellen vemetzten Estern von Hyaluronsaure nach Anspruch 
1, umfassend das Umsetzen eines Kalium- oder Natrium- oder quartaren Ammoniumsalzes von Hyaluronsaure 
mit einem verethernden Mittel in einem aprotischen Losungsmittel. 

25. Verfahren nach Anspruch 24. wobei das Salz von Hyaluronsaure ein Kalium- oder Natriumsalz ist, und die Um- 
setzung in Gegenwart einer katalysierenden Menge eines quartaren Ammoniumsalzes durchgefuhrt wird. 

26. Verfahren nach Anspruch 25, wobei das quartare Ammoniumsalz Tetrabutyiarnmoniumiodid ist. 

27. Verfahren nach einem der Anspruche 24-26, wobei das aprotische Losungsmittel ein Dialkylsulfoxid, ein Dialkyl- 
carboxylamid, ein Niederalkyldialkylamid niederaliphatischer Sauren ist. 

28. Verfahren nach einem der Anspruche 24-27, wobei das verethernde Mittel ein Alkylhalogenid eines aliphatischen, 
mehrwertigen Alkohols ist. 

29. Verfahren nach Anspruch 28, wobei der aliphatische, mehrwertige Alkohol ein zweiwertiger Alkohol ist. 

30. Verfahren nach Anspruch 28, wobei der aliphatische, mehrwertige Alkohol ausgewahlt ist aus Ethylenglykol, Pro- 
pylenglykol, Butylenglykol, von Pentan, Hexan, Heptan und Octan abgeleiteten Glykolen und Stellungsisomeren 
davon. Glycerin, Erythrit und Pentaerythrit. 

31 . Verfahren nach einem der Anspruche 24-30, wobei die nicht-vernetzten Carboxylgruppen des partiellen vemetzten 
Esters von Hyaluronsaure mit einem aliphatischen, araliphatischen odercycloaliphatischen Alkohol verestertsind. 

32. Verfahren nach Anspruch 31, wobei der mit den nicht-vernetzten Carboxylgruppen veresterte Alkohol ein phar- 
makologisch wirksamer Alkohol ist. 

33. Verfahren nach einem der Anspruche 24-32, wobei der partiell vernetzte Ester mit wenigstens einer freien Car- 
boxylgruppe mit einem Alkali- oder Erdalkalimetall, Magnesium oder Ammonium ein Salz bildet 

34. Verfahren nach einem der Anspruche 24-33, wobei die Hyaiuronsaure eine Hyaluronsaurefraktion mit einem Mo- 
lekulargewichtsmittel von 50 000 bis 730 000 ist und weitgehend frei von Hyaluronsaure mit einem Molekularge- 
wichtsmittel von weniger als 30 000 ist. 

35. Verfahren nach Anspruch 34, wobei die Hyaluronsaurefraktion ein Molekulargewichtsmittel von 50 000 bis 100 
000, 250 000 bis 350 000 Oder 500 000 bis 730 000 aufweist. 



Patentanspruche fur folgenden Vertragsstaat : GR 

1. Vollstandige oder partielle vernetzte, nicht-toxische Ester von Hyaluronsaure mit einem aliphatischen, mehrwer- 
tigen Alkohol mit 2 bis 1 6 Kohlenstoffatomen und Salze dieser partiellen Ester mit anorganischen oder organischen 
Basen, wobei die vernetzenden Bindungen nur zwischen Carboxylgruppen der Hyaluronsaure bestehen, mit der 
MaGgabe, daG der vernetzte Ester nicht der vernetzte Ester von Hyaluronsaure mit einem Halogenmethyloxiran 
oder einer Bisepoxyverbindung ist. 

2. Vernetzte Ester nach Anspruch 1 , wobei der aliphatische, mehrwertige Alkohoi ein zweiwertiger Alkohol ist. 

3. Vernetzte Ester nach Anspruch 2, wobei der zweiwertige Alkohol ausgewahlt ist aus Ethylenglykol, Propylenglykol, 
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Butylenglykol, von Pentan, Hexan, Heptan und Octan abgeleiteten Glykolen und Stellungsisomeren davon. 

4. Vernetzte Ester nach Anspruch 1 , wobei der aliphatische, mehrwertige Alkohol ausgewahlt ist aus Glycerin, Erythrit 
und Pentaerythrit. 

5 

5. Vernetzte Ester nach einem der Anspruche 1 -4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der 
Hyaluronsaure mit einem aliphatischen Alkohol mit maximat 34 Kohlenstoffatomen verestert ist, wobei der alipha- 
tische Alkohol nicht substituiert oder mit einer Oder zwei funktionellen Gruppen substituiert sein kann, ausgewahlt 
aus Amino-, Hydroxyl-, Mercapto-, Aldehyd-, Keto-, Carboxylgruppen, Kohlenwasserstoff- und Dikohlenwasser- 

10 stoffamtnoresten. Ether-, Ester-, Thioether-, Thioester-, Acetal-, Ketalgruppen, Carbalkoxyresten, Carbaminsau ro- 

und mit einem oder zwei Alkylresten substituierten Carbaminsauregruppen, wobei die Kohlenwasserstoffreste in 
diesen funktionell modifizierten Resten maximal 6 Kohlenstoffatome aufweisen, und wobei diese aliphatischen 
Alkohole in der Kette der Kohlenstoffatome durch Heteroatome, ausgewahlt aus einem Sauerstoff-, Schwefel- und 
Stickstoffatom, unterbrochen sein konnen. 

15 

6. Vernetzte Ester nach Anspruch 5, wobei der aliphatische Alkohol Ethyl-, Propyl-, Isopropyl-, n-Butyl-, Isobutyk 
teit-ButyJalkqhoL Amyh Penty!-, Hexyl- odsr Gctyialkohoi isi. 

7. Vernetzte Ester nach einem der Anspruche 1-4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der 
20 Hyaluronsaure mit einem araliphatischen Alkohol mit nur einer Benzolgruppe verestert ist, wobei die aliphatische 

Kette maximal 4 Kohlenstoffatome aufweist, und wobei die Benzolgruppe mit 1 bis 3 Methyl- oder Hydroxyigruppen 
oder mit Halogenatomen substituiert sein kann, und wobei die aliphatische Kette mit einer oder zwei funktionellen 
Gruppen, ausgewahlt aus freien Aminogruppen oder Mono- oder Diethylaminogruppen. Pyrrolidin- und Piperidin- 
gruppen, substituiert sein kann. 

25 

8. Vernetzte Ester nach einem der Anspruche 1-4, wobei wenigstens eine nicht-vernetzte Carboxylgruppe in der 
Hyaluronsaure mit einem cycloaliphatischen Alkohol oder aliphatischen-cycloaliphatischen Alkohol oder hetero- 
cyclischen Alkohol verestert ist, der sich von einem mono- oder polycyclischen Kohlenhydrat mit maximal 34 Koh- 
lenstoffatomen ableitet und nicht substituiert oder mit einer oder mehreren funktionellen Gruppen substituiert ist, 

30 ausgewahlt aus Amino-, Hydroxyl-, Mercapto-, Aldehyd-, Keto-, Carboxylgruppen, Kohlenwasserstoff- und Dikoh- 

lenwasserstoffarninoresten, Ether-, Ester-, Thioether-, Thioester-, Acetal-, Ketalgruppen, Carbalkoxyresten, Carb- 
aminsaure- und mit einem oder zwei Alkylresten substituierten Carbaminsauregruppen, wobei die Kohlenwasser- 
stoffreste in diesen funktionell modifizierten Resten maximal 6 Kohlenstoffatome aufweisen, in der Kette der Koh- 
lenstoffatome durch Heteroatome, ausgewahlt aus einem Sauerstoff-, Stickstoff- und Schwefelatom. unterbrochen 

35 sein konnen und eine oder mehrere aromatische Bindungen aufweisen konnen. 

9. Vernetzte Ester nach Anspruch 8, wobei wenigstens eine der nicht-vernetzten Carboxylgruppen mit einem Alkohol 
verestert ist, ausgewahlt aus Cortison, Hydrocortison, Prednison, Prednisolon, Fluorcortison, Dexamethason, 
Betamethason, Corticosteron, Desoxysicorticosteron, Paramethason, Flumethason, Flucinolon und seinem Ace- 

40 tonid, Fluprednyliden, Clobetasol und Bee lorn ethason. 

10. Salze partieller Ester nach einem der Anspruche 1-9, wobei das Salz ein Salz des vernetzten Esters mit einem 
Alkali- oder Erdalkalimetall, Magnesium oder Aluminium ist. 

45 11. Natrium- oder Ammoniumsalz eines vernetzten Esters nach Anspruch 10. 

12. Salze partieller Ester nach einem der Anspruche 1-9, abgeleitet von einer Ammoniumgruppe, araliphatischen, 
cycloaliphatischen oder heterocyclischen Resten. 

50 13. Verwendung einer Zusammensetzung, umfassend einen vernetzten Ester nach einem der Anspruche 1-12 zu- 
sammen mit einem pharmazeutisch vertraglichen Trager, Excipientoder VerdOnnungsmrttel, zur Herstellung eines 
Arzneimittels. 

14. Verwendung einer Zusammensetzung, umfassend einen vernetzten Ester nach einem der Anspruche 1-12 als 
55 Trager im Gemisch mit einem pharmakologischen Wirkstoff. 

15. Verwendung einer Zusammensetzung, umfassend einen vernetzten Ester nach einem der Anspruche 7-12 zur 
Herstellung eines Arzneimittels, wobei der mit der nicht-vernetzten Carboxylgruppe veresterte Alkohol ein phar- 
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makologisch wirksamer Alkohol ist. 

16. Kosmetischer Artikel, umfassend als Wirkstoff einen vernetzten Ester Oder ein Salz davon nach einem der An- 
spruche 1-12. 

5 

1 7. Kosmetischer Artikel. umfassend als kosmetischen Trager einen vernetzten Ester oder ein Salz davon nach einem 
der Anspruche 1-12. 

18. Sanitarer, medizinischer oder chirurgischer Artikel. umfassend einen vernetzten Ester oder ein Salz davon nach 
w einem der Anspruche 1 -1 2. 

19. Sanitarer, medizinischer oder chirurgischer Artikel nach Anspruch 18, umfassend eine Folie eines vernetzten 
Esters, abgeleitet von einem therapeutisch inerten Alkohol. 

'5 20. Sanitarer, medizinischer oder chirurgischer Artikel nach Anspruch 18, umfassend Faden eines vernetzten Esters, 
abgeleitet von einem therapeutisch inerten Alkohol. 

21. Verwendung eines vernetzten Esters oder eines Salzes davon nach einem der Anspruche 1-12 als Kapsel oder 
Mikrokapsel fur Arzneimittel. 

20 . 

22. Verwendung eines vernetzten Esters oder eines Salzes davon nach einem der Anspruche 1-12 zur Herstellung 
einer Folie zur Verwendung in der Dermatologie als kunstliche Haut. 

23. Verwendung eines vernetzten Esters oder eines Salzes davon nach einem der Anspruche 1-12 zur Herstellung 
25 von Nahtfaden zur Verwendung bei chirurgischen Operationen. 

24. Verfahren zur Herstellung von vollstandigen oder partiellen vernetzten Estern von Hyaluronsaure nach Anspruch 
1 , umfassend das Umsetzen eines Kalium- oder Natrium- oder quartaren Ammoniumsalzes von Hyaluronsaure 
mit einem verethernden Mittel in einem aprotischen Losungsmittel. 

30 

25. Verfahren nach Anspruch 24. wobei das Salz von Hyaluronsaure ein Kalium- oder Natriumsalz ist, und die Um- 
setzung in Gegenwart einer katalysierenden Menge eines quartaren Ammoniumsalzes durchgefuhrt wird, 

26. Verfahren nach Anspruch 25, wobei das quartare Ammoniumsalz Tetrabutylammoniumiodid ist. 

35 

27. Verfahren nach einem der Anspruche 24-26, wobei das aprotische Losungsmittel ein Dialkylsulfoxid, ein Dialkyl- 
carboxylamid, ein Niederalkyldialkylamid niederaliphatischer Sauren ist. 

28. Verfahren nach einem der Anspruche 24-27, wobei das verethernde Mittel ein Alkylhalogenid eines aliphatischen, 
40 mehrwertigen Alkohols ist. 

29. Verfahren nach Anspruch 28, wobei der aliphatische, mehrwertige Alkohol ein zweiwertiger Alkohol ist. 

30. Verfahren nach Anspruch 28, wobei der aliphatische, mehrwertige Alkohol ausgewahlt ist aus Ethylenglykol, Pro- 
45 pylenglykol, Butylenglykol, von Pentan, Hexan, Heptan und Octan abgeleiteten Glykolen und Stellungsisomeren 

davon, Glycerin, Erythrit und Pentaerythrit. 

31 . Verfahren nach einem der Anspruche 24-30, wobei die nicht-vernetzten Carboxylgruppen des partiellen vernetzten 
Esters von Hyaluronsaure mit einem aliphatischen, araliphatischen oder cycloaliphatischen Alkohol verestert sind. 

so 

32. Verfahren nach Anspruch 31 , wobei der mit den nicht-vernetzten Carboxylgruppen veresterte Alkohol ein phar- 
makologisch wirksamer Alkohol ist. 

33. Verfahren nach einem der Anspruche 24-32, wobei der partiell vernetzte Ester mit wenigstens einer freien Car- 
55 boxylgruppe mit einem Alkali- oder Erdalkalimetall. Magnesium oder Ammonium ein Salz bildet. 

34. Verfahren nach einem der Anspruche 24-33, wobei die Hyaluronsaure eine Hyaluronsaurefraktion mit einem Mo- 
lekulargewichtsmittel von 50 000 bis 730 000 ist und weitgehend frei von Hyaluronsaure mit einem Molekularge- 
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wichtsmittel von weniger als 30 000 ist. 

35. Verfahren nach Anspruch 34, wobei die Hyaluronsaurefraktion ein Molekulargewichtsmittel von 50 000 bis 100 
000, 250 000 his 350 000 oder 500 000 bis 730 000 aufweist. 

5 

Revendications 



J0 Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1 . Esters totaux ou parti els, reticules, non toxiques de i'acide hyaluronique avec un polyalcool aliphatique ayant entre 
2 et 16 atomes de carbon e, et sels de ces esters part ie Is avec des bases inorganiques ou organiques, dans 
lesquels les liaisons de reticulation n'existent qu'entre des groupes carboxy de I'acide hyaluronique, a condition 

'5 que ledit ester reticule ne soit pas Tester reticule de I'acide hyaluronique avec un halomethyloxirane ou un compost 

bisepoxy. 

2. Esters reticules seion la revendication 1 , dans lesquels ledit polyalcool aliphatique est un dialcool. 

20 3. Esters reticules selon la revendication 2, dans lesquels ledit dialcool est un element choisi dans le groupe com- 
prenant I'ethylene glycol, le propylene glycol, Ie butylene glycol, les glycols derives du pentane, de I'hexane, de 
I'heptane et de I'octane, et leurs isomeres de position. 

4. Esters reticules selon la revendication 1 , dans lesquels ledit polyalcool aliphatique est un element choisi dans le 
25 groupe compose du glycerol, de I'erythritol et du pentaerythritol. 

5. Esters reticules selon Tune quelconque des revendications 1 a 4, dans lesquels au moins un groupe carboxy non 
reticule dans ledit acide hyaluronique est esterifie avec un alcool aliphatique ayant un maximum de 34 atomes de 
carbone et dans lesquels ledit alcool aliphatique peut etre non substitue ou substitue par un ou deux groupes 

30 fonctionnels choisi(s) dans le groupe compose des groupes amino, hydroxy, mercapto, aldehyde, ceto, carboxy, 

hydrocarbyl-amino etdihydrocarbylamino, des groupes ether, ester, thioether, thioester, acetal, cetal, carbalcoxy, 
carbamidique et carbamidique substitue, substitu6 par un ou deux groupes alkyles, les radicaux hydrocarbyles 
dans ces groupes fonctionnellement modifies ayant un maximum de 6 atomes de carbone, et dans lesquels la 
chaTne d'atomes de carbone de ces alcools aliphatiques peut etre interrompue par des heteroatomes choisis dans 

35 le groupe compost de I'oxygene, du soufre et de I'azote. 

6. Esters reticules selon la revendication 5, dans lesquels ledit alcool aliphatique est I'alcool ethylique, propylique, 
isopropylique, n-butylique, isobutylique, tert-butylique, un alcool amylique, pentylique, hexylique ou octylique. 

40 7. Esters relicules selon Tune quelconque des revendications 1 a 4, dans lesquels au moins un groupe carboxy non 
reticule dans ledit acide hyaluronique est esterifie avec un alcool araliphatique ayant un seul residu benzene et 
dans lequel la chaTne aliphatique a un maximum de 4 atomes de carbone et dans lequel le residu benzene peut 
etre substitue par 1 a 3 groupes m&hyle ou hydroxy ou par des atomes halogenes, et dans lequel la chaTne 
aliphatique peut etre substitute par un ou deux groupes fonctionnels choisi(s) dans le groupe compose des grou- 

45 pes amino libres, monoamino ou diethylamino, des groupes pyrrolidine et piperidine. 

8. Esters reticules selon Tune quelconque des revendications 1 a 4, dans lesquels au moins un groupe carboxy non 
reticule dans ledit acide hyaluronique est esterifie avec un alcool cycloaliphatique ou un alcool aliphatique-cycloa- 
liphatique ou un alcool heterocyclique qui est derive d'un hydrate de carbone mono- ou polycyclique ayant un 

so maximum de 34 atomes de carbone et qui est non substitue ou substitue par un ou plusieurs groupes fonctionnels 

choisi(s) dans le groupe compost des groupes amino, hydroxy, mercapto, aldehyde, c6to, carboxy, hydrocarbyl- 
amino et dihydrocarbylamino, des groupes ether, ester, thioether, thioester, acetal, cetal, carbalcoxy, carbamidique 
et carbamidique substitue, par un ou deux groupes alkyles, les radicaux hydrocarbyles dans ces groupes fonc- 
tionnellement modifies ayant un maximum de 6 atomes de carbone, et la chaTne d'atomes de carbone pouvant 

55 etre interrompue par des heteroatomes choisis dans le groupe compose de I'oxygene, de I'azote et du soufre, et 

pouvant avoir une ou plusieurs liaisons aromatiques. 

9. Esters reticules selon la revendication 8, dans lesquels au moins un desdits groupes carboxy non reticules est 
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esterifie avec un alcool choisi dans le groupe comprenant la cortisone, I'hydrocortisone, la prednisone, la predni- 
solone, la fludrocortisone, la dexamethasone, la betamethasone, la corticostdrone, le d6soxysicortico-st6rone, la 
paramdthasone, la flumethasone, la flucinolone et son acetonide, le fluprednylidene, le clobetasol et la beclome- 
thasone. 

10. Sels d'esters pa die Is selon Tune quelconque das revendications 1 a 9, dans lesquels ledit sel est un sel dudit ester 
reticule avec un metal alcalin ou alcalino-terreux, le magnesium ou Paluminium. 

11. Un sel de sodium ou d'ammonium d'un ester reticule selon la revendication 10, 

12. Sels d'esters partiels selon Tune quelconque des revendications 1 a 9, derivant de groupes ammonium, aralipha- 
tique, cycloaliphatique ou heterocyclique. 

13. Une composition pharmaceutique comprenant un ester reticule selon I'une quelconque des revendications 1 a 12 
'5 et un vehicule, un excipient ou un diluant pharmaceutiquement acceptable. 

14. Une composition pharmaceutique comprenant, a. titre de vehicule, un ester ret icuie seion i'une quelconque des 
revendications 1 a 12 en melange avec un agent pharmacologiquement actif. 

20 15. Une composition pharmaceutique comprenant un ester r6ticul6 selon I'une quelconque des revendications 7 a 1 2, 
dans laquelle ledit alcool esterifiS avec ledit groupe carboxy non reticule est un alcool pharmacologiquement actif. 

16. Un article cosmetique comprenant, a titre d'ingr6dient actif, un ester reticule ou un de ses sels selon I'une quel- 
conque des revendications 1 a 1 2. 

25 

17. Un article cosmetique comprenant, a titre de vehicule cosmetique, un ester reticule ou un de ses sels selon I'une 
quelconque des revendications 1 a 12. 

18. Un article sanitaire, medical ou chirurgical comprenant un ester reticule ou un de ses sels selon I'une quelconque 
30 des revendications 1 a 12. 

19. Un article sanitaire, medical ou chirurgical selon la revendication 18, comprenant un film d'un ester reticule derivant 
d'un alcool therapeutiquement inerte. 

35 20. Un article sanitaire, medical ou chirurgical selon la revendication 18, comprenant des fils d'un ester reticule derivant 
d'un alcool therapeutiquement inerte. 

21 . Une capsule ou microcapsule pour medicaments comprenant un ester r6ticul6 ou un de ses sels selon I'une quel- 
conque des revendications 1 a 1 2. 

40 

22. L'utilisation d'un ester r6ticu!6 ou d'un de ses sels selon I'une quelconque des revendications 1 a 12 pour la fabri- 
cation d'un film utilisable en dermatologie a titre de peau artificielle. 

23. L'utilisation d'un ester r6ticul6 ou d'un de ses sels selon Tune quelconque des revendications 1 a 12 pour la fabri- 
4$ cation de fils de suture utilisables dans des operations chirurgicales. 

24. Un precede de preparation d'esters reticules totaux ou partiels de I'acide hyaluronique selon la revendication 1, 
consistant a faire r6agir un sel de potassium ou de sodium ou d'ammonium quaternaire de I'acide hyaluronique 
avec un agent eth6rifiant dans un solvant ap rati que. 

so 

25. Un proc6d6 selon la revendication 24, dans lequel ledit sel d'acide hyaluronique est un sel de potassium ou de 
sodium et ladite reaction est effectu6e en presence d'une quantite catalysante d'un sel d'ammonium quaternaire. 

26. Un precede selon la revendication 25, dans lequel ledit sel d'ammonium quaternaire est Tiodure de tetrabutyiam- 
5S monium. 

27. Un precede selon I'une quelconque des revendications 24 a 26, dans lequel ledit solvant aprotique est un dialkyl- 
sulfoxyde, un dialkylcarboxylamide, un dialkylamide d'alkyle inf6rieur d'acides aliphatiques inf6rieurs. 
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28. Un precede selon I'une quelconque des revendications 24 a 27, dans lequel ledit agent eth6riftant est un halogenure 
d'alkyle d'un polyalcool aliphatique. 

29. Un procede selon la revendication 28, dans lequel ledit polyol aliphatique est un alcool bivalent. 

30. Un procede selon la revendication 28, dans lequel ledit polyol aliphatique est un Element choisi dans le groupe 
comprenant l'ethylene glycol, le propylene glycol, le butylene glycol, les glycols derives du pentane, de I'hexane, 
de I'heptane et de I'octane, et leurs isomeres de position, le glycerol, l'6rythrite et le pentadythrite. 

31. Un procede selon Tune quelconque des revendications 24 a 34, dans lequel les groupes carboxy non reticules 
dudit ester partial reticule de I'acide hyaluronique sont esterifies avec un alcool aliphatique, araliphatique ou cy- 
cloaliphatique. 

32. Un procede selon la revendication 31 , dans lequel ledit alcool est^rifie avec lesdits groupes carboxy non reticules 
est un alcool pharmacologiquement actif. 

33. Un procede selon I'une quelconque des revendications 24 a 32 : dans leque! ledit ester pariiei reiicuie ayant au 
moins un group© carboxy iibre est saliti6 avec un metal alcalin ou alcalino-terreux, le magnesium ou I'ammonium. 

34. Un precede selon Tune quelconque des revendications 24 a 33, dans lequel ledit acide hyaluronique est une 
fraction d'acide hyaluronique ayant une masse moieculaire moyenne comprise entre 50000 et 730000 et est es- 
sentiellement exempte d'acide hyaluronique ayant une masse moieculaire moyenne interieure a 30000. 

35. Un precede selon la revendication 34, dans lequel ladite fraction d'acide hyaluronique a une masse moieculaire 
moyenne de 50000 a 1 00000, de 250000 a 350000 ou de 500000 a 730000. 

Revendications pour I'Etat contractant suivant : ES 

1. Un proc6d6 de preparation d'esters totaux ou partiels, reticules, non toxiques de I'acide hyaluronique avec un 
polyalcool aliphatique ayant entre 2 et 16 atomes de carbone, et de sels de ces esters partiels avec des bases 
inorganiques ou organiques, qui consiste a former lesdits esters dans lesquels les liaisons de reticulation n'existent 
qu'entre des groupes carboxy de I'acide hyaluronique, a condition que ledit ester reticule ne soit pas Tester reticule" 
de I'acide hyaluronique avec un halomethyloxirane ou un compost bisSpoxy. 

2. Un procede selon la revendication 1 , dans lequel ledit polyalcool aliphatique est un dialcool. 

3. Un procedd selon la revendication 2, dans lequel ledit dialcool est un 6l6ment choisi dans le groupe comprenant 
l'ethylene glycol, le propylene glycol, le butylene glycol, les glycols derives du pentane, de I'hexane, de I'heptane 
et de I'octane, et leurs isomeres de position. 

4. Un proc6d6 selon la revendication 1 , dans lequel ledit polyalcool aliphatique est un element choisi dans le groupe 
compose du glycerol, de rerythritol et du pentaerythritol. 

5. Un procede selon Tune quelconque des revendications 1 a 4, dans lequel au moins un groupe carboxy non reticule 
dans ledit acide hyaluronique est est6rifi6 avec un alcool aliphatique ayant un maximum de 34 atomes de carbone 
et dans lequel ledit alcool aliphatique peut dtre non substitue ou substitue par un ou deux groupes fonctionnels 
choisi(s) dans le groupe compose des groupes amino, hydroxy, mercapto, aldehyde, ceto, carboxy, hydrocarbyl- 
amino et dihydrocarbylamino, des groupes ether, ester, thioether, thioester, ac6tal, c6tal, carbalcoxy, carbamidique 
et carbamidique substitue, substitue par un ou deux groupes alkyles, les radicaux hydrocarbyles dans ces groupes 
fonctionnellement modifies ayant un maximum de 6 atomes de carbone, et dans lequel la chaine d'atomes de 
carbone de ces alcools aliphatiques peut Stre interrompue par des h6t6roatomes choisis dans le groupe compose 
de I'oxygene, du soufre et de I'azote. 

6. Un proc6de selon la revendication 5, dans lequel ledit alcool aliphatique est I'alcool ethylique, propylique, isopro- 
pylique, n-butylique, isobutylique, tert-, butylique, un alcool amylique. pentylique, hexylique ou octyiique. 

7. Un proc6d6 selon I'une quelconque des revendications 1 a 4, dans lequel au moins un groupe carboxy non reticule 
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dans ledit acide hyaluronique est esttrifie avec un atcool araliphatique ayant un seul residu benzene et dans lequel 
la chaine aliphatique a un maximum de 4 atomes de carbone et dans lequel le rtsidu benzdne peut §tre substitut 
par 1 a 3 groupes methyle ou hydroxy ou par des atomes halogenes, et dans lequel la chaine aliphatique peut 
etre substitute par un ou deux groupes fonctionnels choisi(s) dans le groupe compost des groupes amino libres, 
5 monoamino ou ditthylamino, des groupes pyrrolidine et piperidine. 

8. Un proctdt selon Tune quelconque des revendications 1 a 4, dans lequel au moins un groupe carboxy non rtticult 
dans ledit acide hyaluronique est esterifie avec un alcool cycloaliphatique ou un alcool aliphatique-cycloaliphatique 
ou un alcool htterocyclique qui est derivt d'un hydrate de carbone mono- ou polycyclique ayant un maximum de 

10 34 atomes de carbone et qui est non substitut ou substitue par un ou plusieurs groupes fonctionnels choisi(s) 

dans le groupe compose des groupes amino, hydroxy, mercapto, aldthyde, ctto, carboxy, hydrocarbyl-amino et 
dihydrocarbylamino, des groupes ether, ester, thiotther, thioester, acetat, cetal. carbalcoxy, carbamidique et car- 
bamidique substitue, par un ou deux groupes alkyles, les radicaux hydrocarbyles dans ces groupes fonctionnel- 
lement modifies ayant un maximum de 6 atomes de carbone, et !a chaine d'atomes de carbone pouvant 6tre 

15 interrompue dans par des htttroatomes choisis dans le groupe compost de I'oxygene, de I'azote et du soufre, et 

pouvant avoir une ou plusieurs liaisons aromatiques. 

9. Un proctde seion ia revendication 8, dans lequel au moins un desdits groupes carboxy non reticules est esttrifit 
avec un alcool choisi dans le groupe comprenant la cortisone, I'hydrocortisone, la prednisone, la prednisolone, la 

20 fludrocortisone, la dexamtthasone, la betamethasone, la corticosttrone, le desoxysicortiso-sttrone, la paramt- 

thasone, la flumtthasone, la flucinolone et son desoxysicortico-sttrone, la paramtthasone, la flumtthasone, la 
flucinolone et son acetonide, la fluprednylidene, le clobetasol et la beclomethasone. 

10. Un procede selon Tune quelconque des revendications 1 a 9, dans lequel ledit sel est un sel dudit ester reticule 
25 avec un metal alcalin ou alcalino-terreux, le magnesium ou ['aluminium. 

11. Un proctdt selon la revendication 1 0, dans lequel ledit sel est un sel de sodium ou d'ammonium d'un ester rtticult. 

1 2. Un proctdt selon Tune quelconque des revendications 1 a 9, dans lequel lesdits sels sont des sels d'esters partiels 
30 derivant de groupes ammonium, araliphatique, cycloaliphatique ou heterocyclique. 

13. Utilisation d'une composition comprenant un ester reticule selon Tune quelconque des revendications 1 a 12 et 
un vthicule, un excipient ou un diluant pharmaceutiquement acceptable, a titre de produit pharmaceutique. 

35 14. Utilisation d'une composition comprenant, a titre de vthicule, un ester rtticule selon I'une quelconque des reven- 
dications 1 a 12, en melange avec un agent pharmacologiquement actif. 

15. Utilisation d'une composition comprenant un ester rtticule" selon I'une quelconque des revendications 7 a 12, a 
titre de produit pharmaceutique, dans laquelle ledit alcool esterifie avec ledit groupe carboxy non rtticule est un 

40 alcool pharmacologiquement actif. 

16. Un article cosmetique comprenant, a titre d'ingredient actif, un ester rtticule ou un de ses sels selon I'une quel- 
conque des revendications 1 a 12. 

45 17. Un article cosmelique comprenant, a titre de vthicule cosmttique, un ester rtticule ou un de ses sels selon I'une 
quelconque des revendications 1 a 1 2. 

18. Un article sanitaire, mtdical ou chirurgical comprenant un ester reticult ou un de ses sels selon I'une quelconque 
des revendications 1 a 1 2. 

50 

19. Un article sanitaire, medical ou chirurgical selon la revendication 18, comprenant un film d'un ester rtticule derivant 
d'un alcool therapeutiquement inerte. 

20. Un article sanitaire, mtdical ou chirurgical selon la revendication 1 8, comprenant des fils d'un ester rtticule derivant 
55 d'un alcool therapeutiquement inerte. 

21 . Utilisation dun ester rtticult ou d'un de ses sels selon I'une quelconque des revendications 1 a 1 2, comme capsule 
ou microcapsule pour medicaments. 
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22. (-'utilisation d'un ester reticule ou d'un de ses sels selon Tune quelconque des revendications 1 a 12 pour ta fabri- 
cation d'un film utilisable en dermatologie a titre de peau artificielle. 

23. L'utilisation d'un ester r6ticul6 ou d'un de ses sels selon Tune quelconque des revendications 1 a 12 pour la fabri- 
s cation de fils de suture utilisables dans des operations chirurgicales. 

24. Un proc6d6 de preparation d'esters reticules totaux ou partiels de I'acide hyaluronique selon la revendication 1, 
consistant a faire r6agir un sel de potassium ou de sodium ou d'ammonium quaternaire de I'acide hyaluronique 
avec un agent 6th6rifiant dans un solvant aprotique. 

70 

25. Un proc6d6 selon la revendication 24, dans lequel ledit sel d'acide hyaluronique est un sel de potassium ou de 
sodium et ladite reaction est effectuee en presence d'une quantite catalysante d'un sel d'ammonium quaternaire. 

26. Un procede selon la revendication 25, dans lequel ledit sel d'ammonium quaternaire est I'iodure de tetrabutylam- 
15 monium. 

27. Un proced6 selon I'une quelconque des revendications 24 a 26, dans lequeUedit-SGtvant api clique est un dialkyl- 
sulfoxyde, un dialkylcarboxylarnide, un dialkylamide d'alkyle inf6rieur d'acides aliphatiques inf6rieurs. 

20 28. Un precede selon I'une quelconque des revendications 24 a 27, dans lequel ledit agent etherifiant est un halog6nure 
d'alkyle d'un polyalcool aliphatique. 

29. Un procede selon la revendication 28, dans lequel ledit polyol aliphatique est un alcool bivalent. 

25 30. Un precede selon la revendication 28, dans lequel ledit polyol aliphatique est un element choisi dans le groupe 
comprenant ('ethylene glycol, le propylene glycol, le butylene glycol, les glycols derives du pentane, de I'hexane, 
de Theptane et de Toctane, et leurs isomeres de position, le glycerol, I'erythrite et le pentaerythritol. 

31. Un procede selon I'une quelconque des revendications 24 a 30, dans lequel les groupes carboxy non reticules 
30 dudit ester partiel reticule de I'acide hyaluronique sont est6rifi6s avec un alcool aliphatique, araliphatique ou cy- 

cloaliphatique. 

32. Un procede selon la revendication 31 , dans lequel ledit alcool esterifie avec lesdits groupes carboxy non reticules 
est un alcool pharmacologiquement actif. 

35 

33. Un proc6d6 selon I'une quelconque des revendications 24 a 32, dans lequel ledit ester partiel r6ticul6 ayant au 
moins un groupe carboxy libre est salifie avec un metal alcalin ou alcaline-terreux, le magnesium ou i'ammonium. 

34. Un proc6d6 selon I'une quelconque des revendications 24 a 33, dans lequel ledit acide hyaluronique est une 
40 fraction d'acide hyaluronique ayant une masse moieculaire moyenne comprise entre 50000 et 730000 et est es- 

sentiellement exempte d'acide hyaluronique ayant une masse moieculaire moyenne inf6rieure a 30000. 

35. Un procede selon la revendication 34, dans lequel ladite fraction d'acide hyaluronique a une masse moieculaire 
moyenne de 50000 a 100000, de 250000 a 350000 ou de 500000 a 730000. 

45 

Revendications pour I'Etat contractant sulvant : GR 

1 . Esters totaux ou partiels, r6ticul6s, non toxiques de I'acide hyaluronique avec un polyalcool aliphatique ayant entre 
50 2 et 16 atomes de carbone. et sels de ces esters partiels avec des bases inorganiques ou organiques. dans 

lesquels les liaisons de reticulation n'existent qu'entre des groupes carboxy de I'acide hyaluronique, a condition 
que ledit ester reticule ne soit pas Tester reticule de I'acide hyaluronique avec un halomethyloxirane ou un compose 
bis6poxy. 

55 2. Esters reticules selon la revendication 1 , dans lesquels ledit polyalcool aliphatique est un dialcool. 

3. Esters reticules selon la revendication 2, dans lesquels ledit dialcool est un element choisi dans le groupe com- 
prenant rethylene glycol, le propylene glycol, le butylene glycol, les glycols d6riv6s du pentane, de I'hexane, de 



42 



EP 0 265 116 B1 



I'heptane et de I'octane, et leurs isomeres de position. 

4. Esters r6ticul6s selon la revendication 1 , dans lesquels ledit polyalcool aliphatique est un 6l6ment choisi dans le 
groupe compose* du glycerol, de I'^rythritol et du pentaerythritol. 

5 

5. Esters r6ticu!6s selon I'une quelconque des revendications 1 a 4, dans lesquels au moins un groupe carboxy non 
rSticute* dans ledit acide hyaluronique est esterifie avec un alcool aliphatique ayant un maximum de 34 atomes de 
carbone et dans lesquels ledit alcool aliphatique peut dtre non substitue" ou substitue* par un ou deux groupes 
fonctionnels choisi(s) dans le groupe compose des groupes amino, hydroxy, mercapto, aldehyde, c6to, carboxy, 

10 hydrocarbyl-amino et dihydrocarbylamino, des groupes ether, ester, thioether, thioester, ac6tal, cetal, carbalcoxy, 

carbamidique et carbamidique substitue\ substitu6 par un ou deux groupes alkyles, les radicaux hydrocarbyles 
dans ces groupes fonctionnellement modifies ayant un maximum de 6 atomes de carbone, et dans lesquels la 
chaine d'atomes de carbone de ces alcools aliphatiques peut etre interrompue par des het6roatomes choisis dans 
le groupe compose" de I'oxygene, du soutre et de I'azote 

15 

6. Esters r6ticul6s selon la revendication 5, dans lesquels ledit alcool aliphatique est I'alcool 6thylique, propylique, 
isopropylique, n-butylique isobutylique, tert-butylique, un alcool amylique, pentylique, hexylique ou ociyiique. 

7. Esters r£ticu!6s selon rune quelconque des revendications 1 a 4, dans lesquels au moins un groupe carboxy non 
20 r6ticul6 dans ledit acide hyaluronique est estdrifie" avec un alcool araliphatique ayant un seul rdsidu benzene et 

dans lequel la chaine aliphatique a un maximum de 4 atomes de carbone et dans lequel le r6sidu benzene peut 
dtre substitue" par 1 a 3 groupes mSthyle ou hydroxy ou par des atomes halog6n6s, et dans lequel la chaine 
aliphatique peut dtre substitu6e par un ou deux groupes fonctionnels choisi(s) dans le groupe compose" des grou- 
pes amino libres, mono- ou di6thylamino, des groupes pyrrolidine et pip6ridine. 

25 

8. Esters r6ticul6s selon I'une quelconque des revendications 1 a 4, dans lesquels au moins un groupe carboxy non 
r&icule" dans ledit acide hyaluronique est esterifie* avec un alcool cycloaliphatique ou un alcool aliphatique-cycloa- 
liphatique ou un alcool h6terocyclique qui est derive" d'un hydrate de carbone mono- ou polycyclique ayant un 
maximum de 34 atomes de carbone et est non substitue ou substitue par un ou plusieurs groupes fonctionnels 

30 choisi(s) dans le groupe compose* des groupes amino, hydroxy, mercapto, aldehyde, c6to, carboxy, hydrocarbyl- 

amino et dihydrocarbylamino, des groupes ether, ester, thioether, thioester, acetal, cetal, carbalcoxy, carbamidique 
et carbamidique substitue" , par un ou deux groupes alkyles, les radicaux hydrocarbyles dans ces groupes fonc- 
tionnellement modifies ayant un maximum de 6 atomes de carbone, et la chaine d'atomes de carbone peut etre 
interrompus par des heteroatomes choisis dans le groupe compose" de I'oxygene, de I'azote et du souf re, et pouvant 

35 avoir une ou ptusieurs liaisons aromatiques. 

9. Esters reticules selon la revendication 8, dans (esquels au moins un desdits groupes carboxy non reticules est 
esterifie avec un alcool choisi dans le groupe comprenant la cortisone, I'hydorcortisone, la prednisone, la predni- 
solone, la fludrocortisone, la dexamethasone, la betamethasone, la corticosterone, le d6soxysicortico-st6rone, la 

40 param6thasone, la flume" thasone, la flucinolone et son acetonide, le fluprednylidene, le clobetasol et la b6clom6- 

thasone. 

10. Sels d'esters partiels selon I'une quelconque des revendications 1 a 9, dans lesquels ledit sel est un sel dudit ester 
reticule avec un metal alcalin ou alcalino-terreux, le magnesium ou aluminium. 

45 

11. Un sel de sodium ou d'ammonium d'un ester reticule selon la revendication 10. 

12. Sels d'esters partiels selon I'une quelconque des revendications 1 a 9, d6rivant de groupes ammonium, aralipha- 
tique, cycloaliphatique ou hetdrocyclique. 

so 

13. Utilisation d'une composition comprenant un ester reticule selon I'une quelconque des revendications 1 a 12 et 
un v6hicule, un excipient ou un diluant pharmaceutiquement acceptable pour la preparation d'un produit pharma- 
ceutique. 

55 14. Utilisation d'une composition comprenant, a titre de v6hicule, un ester r6ticul6 selon I'une quelconque des reven- 
dications 1 a 12, en melange avec un agent pharmacologiquement actif. 

15. Utilisation d'une composition comprenant un ester r6ticul6 selon I'une quelconque des revendications 7 a 12, pour 
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la preparation d'un produit pharmaceutique, dans laquelle ledit alcool esterifie avec ledit groupe carboxy non re- 
ticule est un alcool phamacologiquement actif, 

16. Un article cosmetique comprenant, k titre d'ingr6dient actif, un ester reticule ou un de ses sels selon Tune quel- 
5 conque des revendications 1 & 12. 

17. Un article cosmetique comprenant, a titre de vehicule cosmetique, un ester reticule ou un de ses sels selon Tune 
quetconque des revendications 1 & 1 2. 

J0 18. Un article sanitaire, medical ou chirurgical comprenant un ester reticule* ou un de ses sels selon I'une quelconque 
des revendications 1 k 12. 

1 9. Un article sanitaire, medical ou chirurgical selon la revendication 1 8, comprenant un film d'un ester reticule derivant 
d'un alcoot therapeutiquement inerte. 

15 

20. Un article sanitaire, medical ou chirurgical selon la revendication 1 8. comprenant des fils d'un ester reticule d6rivant 
d'un alcool therapeutiquement inerte. 

21 . Utilisation d'un ester r6ticul6 ou d'un de ses seis selon Tune quelconque des revendications 1 & 1 2, comme capsule 
20 ou microcapsule pour medicaments. 

22. L'utilisation d'un ester reticule" ou d'un de ses sels selon I'une quelconque des revendications 1 a 12 pour la fabri- 
cation d'un film utilisable en dermatologie k titre de peau artificielle. 

25 23. L'utilisation d'un ester reticule ou d'un de ses sels selon I'une quelconque des revendications 1 k 12 pour la fabri- 
cation de fils de suture utilisables dans des operations chirurgicales. 

24. Un proc6d6 de preparation d'esters reticules totaux ou partiels de I'acide hyaluronique selon la revendication 1, 
consistant k faire r6agir un sel de potassium ou de sodium ou d'ammonium quaternaire de I'acide hyaluronique 

30 avec un agent 6th6rifiant dans un solvant aprotique. 

25. Un procede selon la revendication 24, dans lequel ledit sel d'acide hyaluronique est un sel de potassium ou de 
sodium et ladrte reaction est effectuee en presence d'une quantite catalysante d'un sel d'ammonium quaternaire. 

35 26. Un procede selon la revendication 25, dans lequel ledit sel d'ammonium quaternaire est Tiodure de tetrabutylam- 
monium. 

27. Un procede selon I'une quelconque des revendications 24 a 26, dans lequel ledit solvant aprotique est un dialkyl- 
sulfoxyde, un dialkylcarboxylamide, un dialkylamide d'alkyle inf6rieur d'acides aliphatiques inf6rieurs. 

40 

28. Un precede selon I'une quelconque des revendications 24 k 27, dans lequel ledit agent 6th6rifiant est un halogenure 
d'alkyle d'un polyalcool aliphatique. 

29. Un procede selon la revendication 28, dans lequel ledit polyol aliphatique est un alcool bivalent. 

45 

30. Un procede selon la revendication 28, dans lequel ledit polyol aliphatique est un element choisi dans le groupe 
comprenant I'ethylene glycol, le propylene glycol, le butyiene glycol, les glycols derives du pentane, de I'hexane, 
de I'heptane et de I'octane, et leurs isomeres de position, le glycerol, rerythrite et le penta6rythrite. 

so 31. Un proc6d6 selon I'une quelconque des revendications 24 a 30, dans lequel les groupes carboxy non reticules 
dudit ester partiel r6ticul6 de I'acide hyaluronique sont est6rifi6s avec un alcool aliphatique, araliphatique ou cy- 
cloaliphatique. 

32. Un procede selon la revendication 31 , dans lequel ledit alcool esterifie avec lesdits groupes carboxy non r6ticul6s 
55 est un alcool pharmacologiquement actif. 

33. Un precede selon I'une quelconque des revendications 24 a 32, dans lequel ledil ester partiel r6ticul6 ayant au 
moins un groupe carboxy libre est salifie avec un metal alcalin ou alcalino-terreux, le magnesium ou I'ammonium. 
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34. Un precede selon I'une quelconque des revendications 24 a 33, dans lequel ledit acide hyaluronique est une 
fraction d'acide hyaluronique ayant une masse moleculaire moyenne comprise entre 50000 et 730000 et est es- 
sentiellement exempte d'acide hyaluronique ayant une masse moleculaire moyenne inferieure a 30000. 

5 35. Proced6 selon la revendication 34, dans lequel ladite fraction d'acide hyaluronique a une masse moleculaire 
moyenne de 50000 a 100000, de 250000 a 350000 ou de 500000 a 730000. 
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